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(57) Abstract 


The object of the present invention is to provide a ferroelectric liquid crystal mixture having a negative value of Ae and allowing a 
high speed response and a low voltage driving, as well as a liquid crystal display device using the liquid crystal mixture of the invention. 
The ferroelectric liquid crystal mixture according to the invention comprises two or more compounds from at least two different of the 
following classes of compounds: A. thiadiazoles, B. phenanthrenes, C. 2-fiuoropyridines, D. difluoro benzenes, E. meta-substituted aromatic 
compounds. 
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Ferroelectric Liquid Crystal Mixture 


The present invention relates to a novel ferroelectric liquid crystal mixture. 
More particularly, it relates to a ferroelectric liquid crystal mixture, which shows 
a high switching speed when driven at a low voltage, and a liquid crystal 
display device with the use of this liquid crystal mixture. 

In these days, liquid crystal mixtures have been widely employed in practice as 
display devices of clocks, electronic calculators, small-sized television sets, etc. 
Among all, the most commonly employed products are those with the use of 
the nematic phase of liquid crystals and their display systems are called the 
twisted nematic (TN) type or the super twisted nematic (STN) type. However, 
the TN type is unsuitable for a display of a large information capacity, since its 
contrast is deteriorated with an increase in line number. Owing to the TFT 
driving system wherein each pixel is provided with a thin film transistor (TFT), 
the display characteristics of the TN type become more and more like those of 
a cathode ray tube (CRT) and thus the information capacity can be enlarged. 
However, its production process is highly complicated and achieves only a low 
yield, which results in an extremely high production cost. Moreover, it is 
scarcely applicable to a large screen. 

Although the STN system, which is composed of a simple matrix, has improved 
display characteristics compared with the TN type, it is still insufficient when 
compared with the TFT-TN system. However, the STN system requires only a 
low production cost. Since Clark and Lagerwali found Surface Stabilized 
Ferroelectric Liquid Crystals (SSFLC) in 1980 [N.A. Clark and S.T. Lagerwali, 
Appl. Phys. Lett., 36, 899 (1980)], these liquid crystals have attracted 
attentions as display materials in the coming generation and a number of 
studies have been carried out thereon. The reasons therefor are as follows. (1) 
These ferroelectric liquid crystals have a high response speed. (2) They have 
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memory properties which enable a display of a large information capacity and 
they can be produced at a relatively low cost, since no active device (thin film 
transistor, etc.) is needed. (3) They have a broad viewing angle. Thus, these 
liquid crystals are expected to be usable in a display device having a large 
screen size and a large display capacity. 

To use a ferroelectric liquid crystal display device in practice, it is an important 
factor to achieve a highly defined contrast. It is very difficult to establish a 
highly defined contrast at the desired level by using ferroelectric liquid crystals. 
The reasons therefor reside in, for example, the zigzag defect in the smectic C 
phase, a decrease in the effective cone angle due to the chevron geometry, the 
insufficient memory properties, etc. There have been proposed various 
methods for achieving a highly defined contrast. Examples of these method 
include the use of an oblique vapor-deposition film as an alignment layer, the 
C1 uniform method by using an alignment layer having a high pretilt, the 
utilization of a quasi-bookshelf geometry through an AC electric field processing 
or by using a naphthalene-based compound, and the use of a material having a 
negative dielectric anisotropy. Among the above-mentioned methods, the one 
with the use of a material having a negative dielectric anisotropy (Ae) depends 
on a phenomenon that, when an electric field of a high frequency is applied 
perpendicularly to the electrode substrate, liquid crystal molecules having a 
negative Ae are aligned in parallel with the electrode substrate. This 
phenomenon is called the AC stabilization effect. 


Surguy [P.W.H. Surguy, et aL, Ferroelectrics, 122, 63 (1991)] further proposed 
"a method with the use of a liquid crystal material having negative dielectric 
anisotropy" . This method, which is largely accepted as a method for 
successfully achieving a highly defined contrast, is described in P.W. Ross, 
Proc. SID, 212, (1992). 
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A material with a negative dielectric anisotropy has a so called t-V 
characteristic, i.e., the pulse width (t) required for switching shows the 
minimum value (T-Vmin) with an increase in the voltage (V). Surguy et al. 
reported a driving system with the use of this characteristic. In this driving 
system, switching is effected under the voltage IVs - Vd I but not under 
IVs + Vd I or IVd I. 

The driving voltage in this system is determined by (t - Vmin) characteristics for 
the materials. According to Surguy et al., the value Vmin is defined as follows. 

Vmin = Emin*d = Ps*d / \/3*e 0 *Ae*sin 2 6. 
In the above formula, Emin stands for the minimum strength of the electric 
field; d stands for the cell gap, Ps stands for the spontaneous polarization; Ae 
stands for the dielectric anisotropy; and 6 stands for the tilt angle of the liquid 
crystal material. 

By taking the biaxial anisotropy (5e) into consideration, furthermore, Towler et 
al. obtained the values Vmin and Timin as defined below. 

PsD 

IVmin ! = 

e 0 v / 3(sin 2 8 - de) 

n(Aesin 2 9 - de) 
Tmin « 

PS 2 

it]: viscosity) 

[M.J. Towel et al., Liquid Crystal 11 (1992)]. 

However, the ferroelectric liquid crystal material disclosed by Ross et al. still 
shows only a slow response speed and [Vs + Vd] exceeds 55 V, which makes 
it less usable in practice. Accordingly, it has been required to develop a liquid 
crystal material which has a sufficiently large absolute value of the negative 
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dielectric anisotropy, a large spontaneous polarization and a low viscosity. 
Ferroelectric liquid crystal mixtures appropriate for driving systems with the use 
of the AC stabilization effect or driving systems with the use of the T-Vmin 
characteristics are disclosed, e.g. in JP A 168792/1989, 306493/1989 and 
4290/1992, JP B 29990/1995 and JP A 503444/1990. 

However, since the development of ferroelectric liquid-crystal mixture in 
particular can in no way be regarded as complete, the manufactures of displays 
are still interested in a very wide variety of mixtures. Another reason for this is 
that only the interaction of the liquid-crystalline mixtures with the individual 
components of the display device or of the cells (for example the alignment 
layer) allows conclusions to be drawn on the quality of the liquid-crystalline 
mixtures too. 

The object of the present invention was therefore to provide liquid crystalline 
mixtures which are suitable for improving the property profile of liquid crystal 
displays, particulary ferroelectric liquid crystal displays and especially 
ferroelectric liquid crystal (FLC) displays operated in the inverse mode. 

A further object of the present invention is to provide a ferroelectric liquid 
crystal mixture, which has a negative value of Ae and is capable of achieving a 
high response speed and a low voltage driving, and a liquid crystal display 
device with the use of this liquid crystal mixture. 

The present invention provides a ferroelectric liquid crystal mixture comprising 
at least two compounds selected from at least two different of the following 
groups of compounds: 
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A. 


(1 ,3,4)-thiadiazole derivatives of the formula (I), 


R 1 -Z 1 -<A 1 -Z 2 ) 



(A 2 ) b -Z 3 -R 2 


(I) 


wherein the symbols and indices have the following meanings: 

R 1 and R 2 independently of one another, are 

(a) a hydrogen atom, 

(b) a straight-chain or branched-chain alkyl group, with or without an 
asymmetric carbon atom, having from 2 to 1 6 carbon atoms, in which 
one or two, preferably non-adjacent, -CH 2 - groups may be replaced by 
-0-, -S-, -CO-, -CO-O-, -0-CO-, -CH=CH-, -OC-, -Si(CH 3 ) r , 1,4- 
cyclohexylene, 1 ,4-phenylene, cyclopropane-1 ,2-diyl or -O-CO-O-, with 
the proviso that -O- and/or -S- atoms must not be directly bonded to one 
another; one or more hydrogen atoms of the alkyl group may be 
substituted by F, CI, CN and/or CF 3 ; or 

(c) any one of the following chiral groups: 


wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight- 
chain or branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or 
without an asymmetrical carbon atom), where one or more -CH 2 - groups may 
also be replaced by -O- or -CH = CH-, with the proviso that oxygen atoms must 
not be bonded directly to one another; one or more hydrogen atoms of the alkyl 
group may be substituted with -F or -CI; or R 4 and R 5 may also together be - 
(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to an oxirane, dioxotane or 
tetrahydrofuran system; 



R ' 
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Q is -CH 2 -0-, -CO-O- or a single bond; 

Z 1 , Z 2 and Z 3 independently of one another, are a single bond, -0-, -CO-O- or 
-0-CO-; with the proviso that, when R 1 is <c), then Z 1 is not a single bond, and 
that, when R 2 is (c), then Z 2 is not a single bond; 

A 1 and A 2 are identical or different and are 1 ,4-phenylene, in which one or 
more H atoms may be replaced by F, pyridine-2,5-diyl, in which one H atom 
may be replaced by F, pyrimidine-2,5-diyl or trans- 1 ,4-cyclohexylene; 
a and b are 0 or 1 and a + b is 0 or 1; 

X 1 and X 2 independently of one another, are -N-, -CF- or -CH- ; 
B. Phenanthrene derivatives of the formula (II) 


in which the symbols and indices have the following meanings: 

E\ E 2 , E 3 , E 4 , E 5 and E 6 are -N-, -CF- or -CH-, with the following provisos: 

if E 1 (E 4 ) is -N- or -CF-, E 2 and E 3 (E 5 and E 6 ) must be -CH-; 

if E 2 and/or E 3 (E 5 and/or E 6 ) are -CF-, E 1 (E 4 ) must be -CH-; 

if E 2 (E 5 ) is -N-, E 1 (E 4 ) must be -CH-, while E 3 (E 6 ) can be -CH- or -CF-; and 

at least one of E 1 to E 6 must be -N- or -CF-; 

G is -CH 2 CH 2 - or -CH - CH-; 

R 1 and R 2 , independently of one another, are hydrogen or a straight-chain or 
branched-chain alkyl group having from 1 to 20 carbon atoms (with or without 
an asymmetrical carbon atom), in which one or more -CH 2 - groups may be 
replaced by -0-, -CO-O-, -0-CO-, -O-CO-O-, -CH=CH-, -C = C-, cyclopropane- 
1,2-diyl, -Si(CH 3 ) 2 -, 1 ,4-phenylene, trans-1 ,4-cyclohexylene or trans-1,3- 
cyclopentylene, with the proviso that oxygen atoms and/or sulfur atoms must 
not be bonded directly to one another; one or more hydrogen atoms of the alkyl 
group may be substituted by -F, -CI, -Br, -CF 3 , -CN or -OR 3 ; or R 1 , R 2 are one 
of the following chiral groups: 


R 1 -(A 1 -M 1 ) m — { O 



(II) 
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wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight- 
chain or branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or 
without an asymmetrical carbon atom), where one or more -CH 2 - groups may 
also be replaced by -O- or -CH = CH-, with the proviso that oxygen atoms must 
not be bonded directly to one another; one or more hydrogen atoms of the alkyi 
group may be substituted by -F or -CI; or R 4 and R 5 may also together be - 
(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to an oxirane, dioxolane or 
tetrahydrofuran system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

M 1 and M 2 , independently of one another, are -CO-O-, -O-CO-, -CH 2 -0-, -O- 
CH 2 -, -CH 2 -CH 2 -, -C = C- or a single bond; 

A 1 and A 2 , independently of one another, are 1 ,4-phenylene in which one or 
more hydrogen atoms may be substituted by F, CI and/or CN, pyrazine-2, 5-diyl 
pyridazine-3, 6-diyl, pyndine-2, 5-diyl in which one or more hydrogen atoms may 
be substituted with F, pyrimidine-2, 5-diyl, trans-1 ,4-cyclohexylene in which one 
or two hydrogen atoms may De substituted with CN and/or CH 3 ; 
n and m are 0 or 1 , and the sum of n + m is 0 or 1 . 

C. 2-Fluoropyridine deriv; ves of the formula (lit), 

F 


in which the symbols and indices have the following meanings: 

R 1 and R 2 , independently of one another, are hydrogen or a straight-chatn or 

branched-chatn alkyl group having from 1 to 16 carbon atoms (with or without 


R 1 (-A 1 ) k (-M 1 ),(-A 2 ) m (-M 2 ) 


n 



III 
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an asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups 
may be replaced by -0-, -CO-, -CO-O-, -0-CO-, -0-CO-0-, -CH=CH-, -OC-, 
cyclopropane- 1 ,2-diy' or -Si(CH 3 ) 2 -; one or more hydrogen atoms of the alkyl 
group may be substituted by F, CI, CN and/or CF 3 ; or Ft 1 , R 2 are one of the 
following chiral groups: 


wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight- 
chain or branched-chain alkyl group having from 1 to 16 carbon atoms (with or 
without an asymmetrical carbon atom), where one or more -CH 2 - groups may 
also be replaced by -O- or -CH = CH-, with the proviso that oxygen atoms must 
not be bonded directly to one another; one or more hydrogen atoms of the alkyl 
group may be substituted by -F or -CI; or R 4 and R 5 may also together be - 
(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to an oxirane, dioxolane or 
tetrahydrofuran system; 
Q is -CH 2 -Q-, -CO-O- or a single bond; 

A 1 , A 2 , A 3 and A 4 , independently of one another, are 1 ,4-phenylene in which 
one or two hydrogen atoms may be substituted by F, or pyrazine-2,5-diyl, 
pyridazine-3,6-diyl, pyridine-2,5-diyl or pyrimidine-2,5-diyl, trans-1,4- 
cyclohexylene in which one or two hydrogen atoms may be substituted by CN, 
or naphthalene-2,6-diyl; 

M , M , M J and M , independently of one another, are -0-, -S-, -CO-, -CO-O-, 
-O-CO-, -0-CO-0-, -CH 2 -0-, -0-CH 2 -, -CH 2 -CH 2 -, -CH = CH- or -C*C- with the 
proviso that two M groups must not be bonded directly to one another; 
k, I, m, n, o, p, q and r are 0 or 1, with the proviso that the sum of k + m + p + r 
is more than 0 and less than 4, preferably less than 3; 
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D. 


Phera^iene derivatives of the formula (IV), 


R 1 -^ 1 -Z 1 ) k -(A 2 -Z 2 ) m 



o. 


(Z 3 -A 3 ) n -R 2 


( IV) 


wherein R 1 and R 2 , independently of one another, are hydrogen or a straiyht- 
chain or branched-chain alkyl group having from 1 to 16 carbon atoms (with or 
without an asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - 
groups mat be replaced by -0-, -CO-, -C0-0-, -0-C0-, -0-C0-0-, -CH = CH-, 
-C = C-, cyctopropane-1 ,2-diyl, 1 ,4-phenylene, 1 ,4-cyclohexylene or -Si(CH 3 ) 2 -; 
and one or more hydrogen atoms of the alkyl group may be substituted by F, 
CI, CIM anchor CF 3 ; or R 1 , R 2 are one of the following chiral groups: 


-Q- 


jL 


v 



wherein R 3 ,, R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight- 
chain or branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or 
without an asymmetrical carbon atom), where one or more -CH 2 - groups may 
also be replaced by -0- or -CH = CH-, with the proviso that oxygen atoms must 
not be bonded directly to one another; one or more hydrogen atoms of the alkyl 
group may toe substituted by -F or -CI; or R 4 and R 5 may also together be - 
(CH 2 ) 4 - or-(CH 2 ) 5 - if they are bonded to an oxirane, dioxolane or 
tetrahydroffuran system; 
Q is -CH 2 -0-, -CO-0- or a single bond; 

A 1 , A 2 , A 3 are, independently of one another, 1 ,4-phenylene in which one or 
two H-atoms may be substituted by F, pyridin-2, 5-diyl, pyrimidin-2,5-diyl, 
pyrazine-2,5-diyl, pyridazin-3,6-diyl, naphthaiene-2, 6-diyl, 1,2,3,4- 
tetrahydronapthalene-2, 6-diyl or 1 ,4-cyctohexyiene in which one or two 
hydrogen atoms may be substituted by CN and/or CH 3 groups; 
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X 1 and X 2 are selected from hydrogen, F, CI, CF 3 and CN; with the proviso that 
X 1 and X 2 are not simultaneously hydrogen, preferably X 1 and X 2 are identical, 
particularly preferably X 1 and X 2 are both F; 

each of Z 1 and Z 2 are -CO-0-, -O-CO-, -CH 2 CH 2 -, -0-CH 2 -, -CH 2 -0-, -OC- or a 
single bond; 

each k, m and n are 0, 1 or 2, and (k + m + n) is 1 or 2; 
and 

E. Meta-substituted aromatic compounds of the formula (V): 



(M 1 ) k .(A 1 ) r (M 2 ) m -(A 2 ) n -(M 3 ) 0 -(A 3 ) p -(M 4 ) q -R 1 


wherein X J is F, CI, Br r CN, CF 3 or an straight chain or branched alkyl group 
having from 1 to 1 2 carbon atoms, in which one or two CH 2 -groups may be 
replaced by -0-, -CO-O- or -0-CO-, and in which one or more hydrogen atoms 
in the alkyl group may be substituted by F, CI or CN; 

R 1 is hydrogen or a straight-chain or branched-chain alkyl group having from 1 
to 16 carbon atoms (with or without asymmetrical carbon atoms), in which 
one or more hydrogen atoms may be substituted with F, CI, CN and/or CF 3 ; 
A 1 , A 2 and A 3 , independently of one another, are 1 ,4-phenylene in which one 
or two hydrogen atoms may be substituted by F, or pyrazine-2,5-diyl, 
pyridazine-3,6-diyl, pyridine-2,5~diyl or pyrimidine-2,5-diyl, trans-1,4- 
cyclohexylene in which one or two hydrogen atoms may be substituted by CN, 
or 1 ,3,4-thiadiazole-2,5-diyl, 1 ,3-dioxane-2,5-diyl, naphthalene-2,6-diyl, or 1,3- 
thiazole-2,4(5)-diyl; 

M 1 , M 2 , M 3 and M 4 , independently of one another, are -O-, -S-, -CO-, -CO-0-, 
-O-CO-, -O-CO-O-, -CH r O-, -0-CH 2 -, -CH 2 -CH 2 -, -CH = CH- or -C^C-, with the 
proviso that two M groups must not be bonded directly to one another; 
k, I, m, n, o, p and q are 0 or 1, with the proviso that the sum of I + n -hp is 
more than 0 and less than 4, preferably less than 3. 
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Preferred are those compounds of group A, in which the symbols and indices in 
the formula (I) have the following meanings: 

R 1 and R 2 independently of one another, are 

(a) a hydrogen atom, 

(b) a straight-chain or branched-chain alkyl group, with or without an 
asymmetrical carbon atom, having from 2 to 1 6 carbon atoms, in which 
one or two non-adjacent -CH 2 - groups may be replaced by -0-, -CO-0-, 
-0-CO-, -Si(CH 3 ) 2 -, 1 ,4-cyclohexytene or cyclopropane-1 ,2-diyl; one or 
more hydrogen atoms of the alkyl group may be substituted by F; 

Z , Z and Z° independently of one another, are a single bond, -CO-O- or 
-0-CO-; with the proviso that, when R 1 is (c), then Z 1 is not a single bond, and 
that, when R 2 is (c), then Z 2 is not a single bond; 

1 2 

A and A are identical or different and are 1 ,4-phenylene, in which one or 
more H atoms may be replaced by F, pyridine-2, 5-diyl, in which one H atom 
may be replaced by F, pyrimidine-2,5-diyl, trans- 1 ,4-cyclohexylene; 
a and b are 0 or 1 and a + b is 0 or 1 ; 

X and X independently of one another, are -N-, -CF- or -CH- ; 
Examples of particularly preferred compounds of the formula (I) include: 


N — N 
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wherein R and R' have the same meanings as R and R in formula (I). 

It is preferable in the present invention that a compound of the formula (I) itself 
has a smectic C phase. Accordingly, in the formula (I), at least one of R and R' 
is preferably an alkyl group having from 8 to 16 carbon atoms, more preferably 
a straight-chain alkyl group. 

Preference is given to the compounds of the formula (I) in which R 1 and R 2 are 
a straight-chain or branched-chain alkyl group having from 1 to 1 6 carbon 
atoms (with or without an asymmetrical carbon atom), in which one or more 
-CH 2 - groups may also be replaced by -0-, cyclopropane- 1 ,2-diyl or 
-Si(CH 3 ) 2 -, with the proviso that oxygen atoms must not be bonded directly to 
one another; one or more hydrogen atoms of the alkyl group may be 
substituted by F; R or R' can also be hydrogen, but not both simultaneously. 

Preference is given to the compounds of group B, i.e. of the formula (II), in 
which R 1 and R 2 are independently, a straight-chain or branched-chain alkyl 
group having from 1 to 10 carbon atoms, wherein a -CH 2 - group separated 
from the ring by at least two further -CH 2 - groups can also be replaced by 
-Si(CH 3 ) 2 -. 

Further preference is given to the compounds of the formula (lla) in which E 1 
and/or E 4 is -N-: 


and of these, very particular preference is given to the following compounds (in 
all preferred compounds R 1 and R 2 have the same meaning as in formula (III): 



(lla) 
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(II a 1 ) 


(I! a 2) 


( II a 3 ) 


( II a 4 ) 


( II a 5 ) 


( II a 6) 



The fluorine-substituted compounds of formulae <la5) and (Ia6) are particularly 
preferable, because they have a large negative value of Ae. 

Preference is furthermore given to the compounds of the formula (lib) in which 
E 2 and/or E 5 are -N-: 



(lib) 
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and of these, very particular preference is given to the following compounds: 


(lib 1 ) 


(Ilb2) 


( II b 3 ) 


( II b 4 ) 


( II b 5 ) 


( II b 6 ) 


(II b7) 



F 
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(II b 9) 


( II b 10 ) 


( II b 11 ) 


( II b 12 ) 


( II b 13 ) 


( I! b 14 ) 
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N — / N \ 

F 



F F 
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( li b 15 ) 


(Ilb16) R- 


The fluorine-substituted compounds of formulae (Ib5) and (Ib6) are particularly 
preferable, because they have a large negative value of Ac. 

Preference is given to the compounds of the formula (Ic) in which E 1 and/or E 4 
are -CF-: 



(He) 


and of these, very particular preference is given to the following compounds: 


( II c 1 ) 


( He 2 ) 
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(II c3) 


( II c4) 


( II c5) 


( II c6) 



Preference is furthermore given to compounds of the formula (lid) in which E 
and/or E 4 is -CH-, and E 2 , E 3 , E 5 and E 6 are -CH- or -CF-, and at least one of 
those is -CF-: 

«^-"\-^oy— 53)- < m2 - a2) "- r2 ( „ d ) 

E 2 — E 3 E — E 5 

and of these, very particular preference is given to the following compounds: 


( H d1 ) 



F 
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( II d 9 ) 


( II d 10 ) 


( II d 11 ) 


( II d 12 ) 


( II d 13 ) 



F F F 


( II d 14 ) 



Examples of the particularly preferable compounds of the formula (2) include 
1 ,8-difluoro-2,7-dioctyloxyphenanthrene, 1 ,8-difluoro-2,7- 
dibutoxyphenanthrene, 1 ,8-difluoro-2,7-dipentoxyphenanthrene, 1 ,8-difluoro- 
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2. 7- dihexyloxyphenanthrene, 1 ,8-difluoro-2, 7-diheptyloxyphenanthrene, 

1 ,8-difluoro-2,7-dinonyloxyphenanthrene, 1 ,8-difluoro-2, 7-didecyloxyphen- 
enthrene, 1 ,8-difluoro-2,7-diundecyloxyphenanthrene, 1 ,8-difluoro-2,7- 
didodecyloxyphenanthrene, 1 ,8-difluoro-2-butoxy-7-pentoxyphenanthrene, 
1 ,8-difluoro-2-butoxy-7-hexyloxyphenanthrene, 1 ,8-difluoro-2-butoxy-7- 
heptyloxyphenanthrene, 1 ,8-difluoro-2-butoxy-7-octyloxyphenanthrene, 
1 ,8-difluoro-2-butoxy-7-nonyloxyphenanthrene, 1 ,8-difluoro-2-pentoxy-7- 
propoxyphenanthrene, 1 ,8-difluoro-2-pentoxy-7-hexyloxyphenanthrene, 

1 .8- difluoro-2-pentoxy-7-heptyioxyphenanthrene, 1 ,8-difluoro-2-pentoxy-7- 
octyloxyphenanthrene, 1 ,8-difluoro-2-pentoxy-7-nonyloxyphenanthrene, 

1 ,8-difluoro-2-hexyloxy-7-propoxyphenanthrene, 1 ,8-difluoro-2-hexyloxy-7- 
heptyloxyphenanthrene, 1 ,8-dtfluoro-2-hexyloxy-7-octyloxyphenanthrene, 
1 ,8-difluoro-2-hexyloxy-7-nonyloxyphenanthrene, 1 ,8-difluoro-2-hexyloxy-7- 
decyloxyphenanthrene, 1 ,8-difluoro-2-hexyloxy-7-dodecyloxyphenanthrene, 
1 ,8-difluoro-2-heptyloxy-7-propoxyphenanthrene, 1 ,8-difluoro-2-heptyloxy-7- 
octyloxyphenanthrene, 1 ,8-difluoro-2-heptyloxy-7-nonyloxyphenanthrene, 
1 ,8-difluoro-2-octyloxy-7-ethoxyphenanthrene, 1 ,8-difluoro-2-octyloxy-7- 
propoxyphenanthrene, 1 , 8-dif luoro-2-octyloxy-7-nonyloxyphenanthrene, 
1 ,8-difluoro-2-octyloxy-7-decy!oxyphenanthrene, 1 ,8-difluoro-2-nonyloxy-7- 
ethoxyphenanthrene, 1 , 8-difluoro-2-nonyloxy-7-propoxyphenanthrene, 
1 ,8~difluoro-2-nonyloxy-7-decyloxyphenanthrene, 1 ,8-difluoro-2-decyloxy-7- 
methoxyphenanthrene, 1 ,8-difluoro-2-decyloxy-7-ethoxyphenanthrene, 
1 ,8-difluoro-2-decyloxy-7-propoxyphenanthrene, 1 ,8-difluoro-2-decyloxy-7- 
butoxyphenanthrene, 1 ,8-dif luoro-2-decyloxy-7-pentoxyphenanthrene, 
1 , 8-d if I uoro-2-decyloxy- 7- heptyloxyphenanthrene, 1 -fluoro-2, 7-dibutoxy- 
phenanthrene, 1 -fluoro-2, 7-dipentoxyphenanthrene, 1 -fluoro-2, 7-dihexyloxy- 
phenanthrene, 1 -f!uoro-2,7-diheptyloxyphenanthrene, 1 -fluoro-2, 7-dioctyloxy- 
phenanthrene, 1 -fluoro-2 ,7-di no nyloxyphena nth re ne, 1 -fluoro-2, 7-didecyiox- 
yphenanthrene, 1 - fluoro-2,7-diundecyloxyphenanthrene, 1 -fluoro-2,7- 
didodecyloxyphenanthrene, 1 -f luoro-2-butoxy-7-pentoxyphenanthrene, 
1 -fluoro-2-butoxy-7-hexyloxyphenanthrene, 1 - fluoro-2- butoxy- 7- 
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heptyloxyphenanthrene, 1 -fluoro-2-butoxy-7-octyloxyphenanthrene, 
1 -f luoro-2-butoxy-7-nonyloxyphenanthrene, 1 -f luoro-2-butoxy-7-decyloxy- 
phenanthrene, 1 -fluoro-2-pentoxy-7-hexyloxyphenanthrene, 1 - f luoro-2-pentoxy- 
7-heptyloxyphenanthrene, 1-fluoro-2-pentoxy-7-octyloxyphenanthrene, 
1 -f luoro-2-pentoxy-7-nonyloxyphenanthrene, 1 -f luoro-2-hexyloxy-7-butoxy- 
phenanthrene, 1 -f luoro-2-hexyloxy-7-pentoxyphenanthrene, 1 -fluoro-2- 
hexyloxy-7-heptyloxyphenanthrene, 1-fluoro-2-hexyloxy-7-octyloxyphen- 
anthrene, 1 -fIuoro-2-hexyloxy-7-nonyloxy phenanthrene, 1 -f luoro-2-hexyloxy-7- 
decyloxyphenanthrene, 1 -fluoro-2-heptyloxy-7-propoxyphenanthrene, 1 -fluoro- 
2-heptyloxy-7-butoxy phenanthrene, 1 -fluoro-2-heptyloxy-7-pentoxy phen- 
anthrene, 1 -fluoro-2-heptyloxy-7-octyloxyphenanthrene, 1 -fluoro-2-heptyloxy-7- 
nonyloxyphenanthrene, 1 -fluoro-2-heptyloxy-7-decyloxyphenanthrene, 1 -fluoro- 
2-octyloxy-phenanthrene, 1 -fluoro-2-octyloxy-7-propoxyphenanthrene, 1 -fluoro- 
2-octyloxy-7-butoxy phenanthrene, 1 -f!uoro-2-octyloxy-7-pentoxyphenanthrene, 
1 -fluoro-2-octyioxy-7-hexyloxyphenanthrene, 1 -fluoro-2-octyloxy-7-octyloxy- 
phenanthrene, 1 -fluoro-2-octyloxy-7-nonyloxyphenanthrene, 1 -f luoro-2- 
octyloxy-7-decyioxy phenanthrene, 1 -fluoro-2-octyloxy-7-undecyloxy phen- 
anthrene, 1 -fluoro-2-nonyloxy-7-propoxyphenanthrene, 1 -fluoro-2-nonyloxy-7- 
butoxyphenanthrene, 1 -ftuoro-2-nonyioxy-7-pentoxyphenanthrene, 1 -fluoro-2- 
nonyloxy-7-hexyloxy phenanthrene, 1 -fluoro-2-nonyloxy-7-heptyloxyphen- 
anthrene, 1 -fluoro-2-nonyloxy-7-octyloxyphenanthrene, 1 -fluoro-2-nonyloxy-7- 
decyloxyphenanthrene, 2,7-bis(hexyloxy)-1 ,8-diazaphenanthrene, 2,7- 
bis(pentoxy)-1 ,8-diazaphenanthrene, 2,7-bis(heptyloxy)-1 ,8-diazaphenanthrene, 
2, 7-bis(octyloxy)-l ,8-diazaphenanthrene, 2, 7-bis(nonyioxy)-1 ,8-diazaphen- 
anthrene, 2,7-bis(decyloxy)-1 ,8-diazaphenanthrene, 2,7-bis(undecyloxy)-1 ,8- 
diazaphenanthrene, 2,7-bis(dodecyloxy)-1 ,8-diazaphenanthrene, 2-butoxy-7- 
pentoxy-1 ,8-diazaphenanthrene, 2-butoxy-7-hexyloxy-1 ,8-diazaphenanthrene, 
2-butoxy-7-hepty!oxy-1 ,8-diazaphenanthrene, 2-butoxy-7-octyloxy-1 ,8- 
diazaphenanthrene, 2-butoxy-7-nonyloxy-l ,8-diazaphenanthrene, 2-butoxy-7- 
decyloxy-1 ,8-diazaphenanthrene, 2-pentoxy-7-hexyloxy-1 ,8-diazaphenanthrene, 
2-pentoxy-7-heptyloxy-1 ,8-diazaphenanthrene, 2-pentoxy-7-octyloxy-1 ,8- 
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diazaphenanthrene, 2-pentoxy-7-nonyloxy- 1 ,8-diazaphenanthrene, 2-pentoxy-7- 
decyloxy-1 ,8-diazaphenanthrene, 2-hexyloxy-7-heptyloxy- 1 ,8-diazaphen- 
anthrene, 2-hexyloxy-7-octyloxy-1 ,8-diazaphenanthrene, 2-hexyloxy-7- 
nonyloxy-1 ,8-diazaphenanthrene, 2-hexyloxy-7-decyloxy-1 ,8-diazaphen- 
anthrene, 2-hexyloxy-7-(4-butyldimethylsilyl)butoxy- 1 ,8-diazaphenanthrene, 
2-hexyloxy-1 ,8-diazaphenanthrene, 2-hexy!oxy-7-methyl-1 ,8-diazaphen- 
anthrene, 2-heptyloxy-7-octyloxy-1 ,8-diazaphenanthrene, 2-heptyloxy-7- 
nonyloxy-1 ,8-diazaphenanthrene, 2-heptyloxy-7-decyloxy-1 ,8-diazaphen- 
anthrene, 2-heptyloxy-7-(6-methyl)octyloxy-1 ,8-diazaphenanthrene, 2-octyloxy- 
7-nonyloxy-1 ,8-diazaphenanthrene, 2-octyloxy-7-decyloxy-1 ,8-diazaphen- 
anthrene, 2-octyloxy-7-undecyloxy-1 ,8-diazaphenanthrene, 2-octyloxy-7- 
dodecyloxy-1 ,8-diazaphenanthrene, 2-octyloxy-7-(5-oxa)nonyloxy-1 ,8- 
diazaphenanthrene, 2-nonyloxy-7-decyloxy-1 ,8-diazaphenanthrene, 2-nonyloxy- 
7-undecyloxy-1 ,8-diazaphenanthrene, 2-nonyloxy-7-dodecyloxy-1 ,8- 
diazaphenanthrene, 2-decyloxy-7-undecy!oxy-1 ,8-diazaphenanthrene, 
2-decyloxy-7-dodecyloxy-1 ,8-diazaphenanthrene, 2-butoxy-7-pentoxy- 1 - 
azaphenanthrene, 2-butoxy-7-hexyloxy- 1 -azaphenanthrene, 2-butoxy-7~ 
heptyloxy-1 -azaphenanthrene, 2-butoxy- 7-octy loxy- 1 -azaphenanthrene, 
2-butoxy-7-nony!oxy-1 -azaphenanthrene, 2-butoxy-7-decyloxy- 1 - 
azaphenanthrene, 2-pentoxy-7-hexyloxy-1 -azaphenanthrene, 2-pentoxy-7- 
heptyloxy-1 -azaphenanthrene, 2~pentoxy-7-octyloxy-1 -azaphenanthrene, 
2-pentoxy-7-nonyloxy-1 -azaphenanthrene, 2-pentoxy-7-decyloxy-1 - 
azaphenanthrene, 2-hexyloxy-7-hepty!oxy- 1 -azaphenanthrene, 2-hexyloxy-7- 
octyloxy- 1 -azaphenanthrene, 2-hexy loxy- 7- nony loxy- 1 -azaphenanthrene, 
2-hexyloxy-7-decyloxy- 1 -azaphenanthrene, 2-hexyloxy-7-(4-butyldimethyl- 
silyl)butoxy-1 -azaphenanthrene, 2-hepty loxy- 7-octy loxy - 1 -azaphenanthrene, 
2-hepty loxy- 7- nony loxy- 1 - azaphenanthrene, 2-he pty loxy -7-decy loxy- 1 - 
azaphenanthrene, 2-hepty loxy- 7-(6-methy!)octy loxy- 1 -azaphenanthrene, 
2-octyloxy-7-nonyloxy- 1 -azaphenanthrene, 2-octy loxy- 7-decy loxy -1 - 
azaphenanthrene, 2-octyloxy-7-undecyloxy-1 -azaphenanthrene, 2-octyloxy-7- 
dodecyloxy- 1 - azaphenanthrene, 2-octyloxy-7 - (5-oxa) nony loxy- 1 -azaphen- 
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anthrene, 2-nonyloxy-7-decyloxy- 1 -azaphenanthrene, 2-nonyloxy-7-undecyloxy- 

1 - azaphenanthrene, 2-nonyloxy-7-dodecyloxy-1 -azaphenanthrene, 2-decyloxy- 
7-undecyloxy-1 -azaphenanthrene, 2-decyloxy-7-dodecyloxy-1 -azaphenanthrene, 

2- hexyloxy-7-pentoxy-1 -azaphenanthrene, 2-heptyloxy-7-hexyloxy-1 -azaphen- 
anthrene, 2-heptyloxy-7-pentoxy-1 -azaphenanthrene, 2-octyloxy-7-butoxy-1- 
azaphenanthrene, 2-octyloxy-7-pentoxy-1 -azaphenanthrene, 2-octyloxy-7- 
hexyloxy-1 -azaphenanthrene, 2-octyloxy-7-heptyloxy-1 -azaphenanthrene, 
2-nonyloxy-7-pentoxy-1 -azaphenanthrene, 2-nonyIoxy-7-hexyloxy-1- 
azaphenanthrene, 2-nonyloxy-7-heptyloxy-1 -azaphenanthrene, 2-nonyloxy-7- 
octyloxy-1 -azaphenanthrene, 2-butoxy-7-pentoxy-8-fluoro-1 -azaphenanthrene, 
2-butoxy-7-hexyloxy-8-fluoro-1 -azaphenanthrene, 2-butoxy-7-heptyloxy-8- 
fluoro-1 -azaphenanthrene, 2-butoxy-7-octyloxy-8-fluoro-1 -azaphenanthrene, 
2-butoxy-7-nonyloxy-8-fluoro-1 -azaphenanthrene, 2-butoxy-7-decyloxy-8-fluoro- 
1 -azaphenanthrene, 2-pentoxy-7-hexyloxy-8-fluoro-1 -azaphenanthrene, 
2-pentoxy-7-heptyloxy-8-fluoro-1 -azaphenanthrene, 2-pentoxy-7-octyloxy-8- 
fluoro-1 -azaphenanthrene, 2-pentoxy-7-nonyloxy-8-fluoro-1 -azaphenanthrene, 
2-pentoxy-7-decyloxy-8-fluoro-1 -azaphenanthrene, 2-hexyloxy-7-heptyloxy-8- 
fluoro-1 -azaphenanthrene, 2, 7-bis(hexyloxy)-8-fluoro-1 -azaphenanthrene, 
2-hexyloxy-7-octyloxy-8-fluoro-1 -azaphenanthrene, 2-hexyloxy-7-nonyloxy-8- 
fluoro-1 -azaphenanthrene, 2-hexyloxy-7-decyloxy-8-fluoro-1 -azaphenanthrene, 
2-hexy loxy-7-(4-buty Id imethylsilyl)butoxy-8-fluoro-1 -azaphenanthrene, 
2-heptyloxy-7-octyloxy-8-fluoro-1 -azaphenanthrene, 2-heptyloxy-7-nonyloxy-8- 
fluoro-1 -azaphenanthrene, 2-heptyloxy-7-decyloxy-8-fluoro-1 -azaphenanthrene, 
2-heptyloxy-7-(6-methyl)octyloxy-8-fluoro-1 -azaphenanthrene, 2-octyloxy-7- 
nonyloxy-8-fluoro-1 -azaphenanthrene, 2-octyloxy-7-decyloxy-8-fluoro-1- 
azaphenanthrene, 2-octyioxy-7-undecyloxy-8-fluoro-1 -azaphenanthrene, 
2-octyloxy-7-dodecyloxy-8-fluoro-1 -azaphenanthrene, 2-octyloxy-7-(5- 
oxa)nonyioxy-8-fluoro-1 -azaphenanthrene, 2-nonyloxy-7-decyloxy-8-fluoro-1 - 
azaphenanthrene, 2-nonyloxy-7-undecyloxy-8-fluoro-1 -azaphenanthrene, 
2-nonyIoxy-7-dodecyloxy-8-fluoro-1 -azaphenanthrene, 2-decyloxy-7- 
undecyioxy-8-fluoro-1 -azaphenanthrene, 2-decyloxy-7-dodecyloxy-8-fluoro-1- 
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azaphenanthrene, 2-hexy!oxy-7-pentoxy-8-fluoro- 1 -azaphenanthrene, 
2-heptyloxy-7-hexyl-8-fluoro-1 -azaphenanthrene, 2-heptyloxy-7-pentoxy-8- 
fluoro-1 -azaphenanthrene, 2-octyloxy-7-butoxy-8-fluoro-1 -azaphenanthrene, 
2-octyloxy-7-pentoxy-8-f luoro- 1 -azaphenanthrene, 2-octyloxy-7-hexyloxy-8- 
fiuoro-1 -azaphenanthrene, 2-octyloxy-7-heptyloxy-8-fluoro-1 -azaphenanthrene, 
2-nonyloxy-7-pentoxy-8-fluoro-1 -azaphenanthrene, 2-nonyloxy-7-hexyloxy-8- 
fluoro-1 -azaphenanthrene, 2-nonyloxy-7-heptyloxy-8-fluoro-1 -azaphenanthrene, 
2-nonyloxy-7-octyloxy-8-fluoro-1 -azaphenanthrene, 2-hexyloxy-8-fluoro-1 - 
azaphenanthrene, 1 ,8-difluoro-2,7-dioctyloxy-9, 1 0-dihydrophenanthrene, 
1 ,8-difluoro-2,7-dibutoxy-9, 1 0-dihydrophenanthrene, 1 ,8-difluoro-2,7- 
dipentoxy-9, 1 0-dihydrophenanthrene, 1 ,8-difiuoro-2,7-dihexyloxy-9, 1 0- 
dihydrophenanthrene, 1 ,8-difluoro-2,7-diheptyloxy-9, 1 O-dihydrophenanthrene, 
1 ,8-difiuoro-2,7-dinonyloxy-9, 1 O-dihydrophenanthrene, 1 ,8-difluoro-2,7- 
didecyloxy-9, 1 O-dihydrophenanthrene, 1 ,8-difluoro-2,7-diundecyloxy-9, 10- 
dihydrophenanthrene, 1 ,8-difluoro-2,7-didodecyloxy-9, 1 0-dihydrophenanthrene, 
1 ,8-dif luoro- 2-butoxy-7-pentoxy-9, 1 O-dihydrophenanthrene, 1 ,8-difluoro-2- 
butoxy-7-hexyloxy-9, 1 O-dihydrophenanthrene, 1 ,8-difluoro-2-butoxy-7- 
heptyloxy-9, 1 0-dihydrophenanthrene, 1 ,8-dif luoro-2-butoxy-7-octyloxy-9, 1 0- 
dihydrophenanthrene, 1 ,8-difluoro-2-butoxy-7-nonyloxy-9, 1 O-dihydrophen- 
anthrene, 1 ,8-difluoro-2-pentoxy-7-propoxy-9, 1 O-dihydrophenanthrene, 
1 ,8-difluoro-2-pentoxy-7-hexyioxy-9, 1 O-dihydrophenanthrene, 1 ,8-difluoro-2- 
pentoxy-7-heptyloxy-9, 1 0-dihydrophenanthrene, 1 , 8-difluoro-2-pentoxy-7- 
octyloxy-9, 1 0-dihydrophenanthrene, 1 ,8-difluoro-2-pentoxy-7-nonyloxy-9, 1 0- 
dihydrophenanthrene, 1 ,8-difluoro-2-hexyloxy-7-propoxy-9, 1 0-dihydrophen- 
anthrene, 1 ,8-difluoro-2-hexyloxy-7-heptyloxy-9, 1 0-dihydrophenanthrene, 
1 ,8-difluoro-2-hexyloxy-7-octyioxy-9, 1 0-dihydrophenanthrene, 1 ,8-difluoro-2- 
hexyloxy-7-nonyloxy-9, 1 0-dihydrophenanthrene, 1 ,8-dif!uoro-2-hexyioxy-7- 
decyloxy-9, 1 0-dihydrophenanthrene, 1 ,8-dif luoro-2-hexyloxy-7-dodecyloxy- 
9, 1 0-dihydrophenanthrene, 1 ,8-difiuoro-2-heptyloxy-7-propoxy-9, 1 0- 
dihydrophenanthrene, 1 , 8-dtf luoro-2-heptyioxy-7-octy loxy-9, 1 0-dihydrophen- 
anthrene, 1 ,8-difluoro-2-heptyloxy-7-nonyloxy-9, 1 O-dthydrophenanthrene, 
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1 ,8-difluoro-2-octyloxy-7-ethoxy-9, 1 0-dihydrophenanthrene, 1 ,8-difluoro-2- 
octyloxy-7-propoxy-9, 1 0-dihydrophenanthrene, 1 , 8-dif luoro-2-octyloxy-7- 
nonyloxy-9,1 0-dihydrophenanthrene, 1 ,8-difluoro-2-octyloxy-7-decyloxy-9,10- 
dihydrophenanthrene, 1 ,8-difIuoro-2-nonyloxy-7-ethoxy-9, 1 0-dihydrophen- 
anthrene, 1 ,8-difluoro-2-nonyloxy-7-propoxy-9, 1 O-dihydrophenanthrene, 
1 ,8-difIuoro-2-nonyloxy-7-decyloxy-9, 1 0-dihydrophenanthrene, 1 ,8-difluoro-2- 
decyloxy-7-methoxy-9 / 1 0-dihydrophenanthrene, 1 ,8-difiuoro-2-decyloxy-7- 
ethoxy-9, 1 0-dihydrophenanthrene, 1 ,8-difluoro-2-decyloxy-7-propoxy-9, 1 0- 
dihydrophenanthrene, 1 ,8-difluoro-2-decyloxy-7-butoxy-9, 1 0-dihydrophen- 
anthrene, 1 ,8-difluoro-2-decyloxy-7-pentoxy-9, 1 0-dihydrophenanthrene, 
1 ,8-difIuoro-2-decyloxy-7-heptyloxy-9,1 0-dihydrophenanthrene, 1-fluoro-2,7- 
dibutoxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2,7-dipentoxy-9, 1 0- 
dihydrophenanthrene, 1-fluoro- 2, 7-dihexyioxy-9,1 0-dihydrophenanthrene, 

1- fluoro-2,7-diheptyloxy-9,1 0-dihydrophenanthrene, 1 -fluoro-2,7-dioctyioxy- 

9, 1 0-dihydrophenanthrene, 1 -fluoro-2,7-dinonyloxy-9, 1 0-dihydrophenanthrene, 
1 -fluoro-2,7-didecyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2,7-diundecyloxy- 
9, 1 0-dihydrophenanthrene, 1 -fluoro-2,7-didodecyioxy-9, 1 0-dihydrophen- 
anthrene, 1-fluoro-2-butoxy-7-pentoxy-9,1 0-dihydrophenanthrene, 1 -fluoro-2- 
butoxy-7-hexyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-butoxy-7-heptyloxy- 
9, 1 0-dihydrophenanthrene, 1 -fluoro-2-butoxy-7-octyloxy-9, 1 0-dihydrophen- 
anthrene, 1 -f luoro-2-butoxy-7-nonyloxy-9, 1 0-dihydrophenanthrene, 1 -f iuoro-2- 
butoxy-7-decyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-pentoxy-7-hexyioxy- 
9, 1 0-dihydrophenanthrene, 1 -fluoro-2-pentoxy-7-heptyioxy-9, 1 0-dihydrophen- 
anthrene, 1 -fluoro-2-pentoxy-7-octyloxy-9, 1 0-dihydrophenanthrene, 1 -fiuoro-2- 
pentoxy-7-nonyloxy-9, 1 0-dihydrophen-anthrene, 1 -f luoro-2-hexyloxy-7-butoxy- 
9 # 1 0-dihydrophenanthrene, 1 -fluoro-2-hexyloxy-7-pentoxy-9, 1 0-dihydrophen- 
anthrene, 1 -fluoro-2-hexyloxy-7-heptyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro- 

2- hexyloxy-7-octyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-hexyloxy-7- 
nonyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-hexyloxy-7-decyloxy-9, 1 0- 
dihydrophenanthrene, 1 -fluoro-2-heptyloxy-7-propoxy-9, 1 0-dihydrophen- 
anthrene, 1 -fluoro-2-heptyloxy-7-butoxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2- 
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heptyloxy-7-pentoxy-9, 1 O-dihydrophenanthrene, 1 -f iuoro-2-heptyloxy-7- 
octyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-heptyloxy-7-nonyloxy-9, 1 0- 
dihydrophenanthrene, 1 -f luoro-2-heptyloxy-7-decyloxy-9, 1 O-dihydrophen- 
anthrene, 1 -fluoro-2-octyloxy-7-propoxy-9, 1 O-dihydrophenanthrene, 1 -fluoro-2- 
octy!oxy-7-butoxy-9, 1 O-dihydrophenanthrene, 1 -fluoro-2-octyloxy-7-pentoxy- 
9, 1 O-dihydrophenanthrene, 1 -fluoro-2-octyloxy-7-hexyloxy-9, 1 O-dihydrophen- 
anthrene, 1 -fluoro-2-octyloxy-7-octyioxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2- 
octyloxy-7-nonyloxy-9, 1 O-dihydrophenanthrene, 1 -fluoro-2-octyloxy-7- 
decyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-octyloxy-7-undecyloxy-9, 1 0- 
dihyarophenanthrene, 1 -fluoro-2-nonyloxy-7-propoxy-9, 1 O-dihydrophen- 
anthrene, 1 -fluoro-2-nonyloxy-7-butoxy-9, 1 O-dihydrophenanthrene, 1 -fluoro-2- 
nonyloxy-7-pentoxy-9, 1 O-dihydrophenanthrene, 1 -fluoro-2-nonyloxy-7- 
hexyloxy-9, 1 0-dihydrophenanthrene, 1 -fluoro-2-nonyloxy-7-heptyloxy-9, 1 0- 
dihydrophenanthrene, 1 -f luoro-2-nonyloxy-7-octyloxy-9, 1 0-dihydrophen- 
anthrene, 1 -fluoro-2-nonyloxy-7-decyloxy-9, 1 0-dihydrophenanthrene, 
2, 7-bis( pentoxyl 1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2,7-bis(heptyloxy)1 ,8- 
diaza-9, 1 O-dihydrophenanthrene, 2,7-bis(octy!oxy) 1 ,8-diaza-9, 1 0- 
dihydrophenanthrene, 2,7-bis(nonyloxy) 1 ,8-diaza-9, 1 O-dthydrophenanthrene, 
2,7-bis(decyloxy)1 ,8-diaza-9, 1 O-dihydrophenanthrene, 2, 7-bis(undecyioxy) 1 ,8- 
diaza-9, 1 0-dihydrophenanthrene, 2,7-bis(dodecyloxy) 1 ,8-diaza-9, 1 0- 
dihydrophenanthrene, 2-butoxy-7-pentoxy-1 ,8-diaza-9, 1 O-dihydrophenanthrene, 
2-butoxy-7-hexyloxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2-butoxy-7- 
heptyloxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2-butoxy-7-octyloxy- 1 ,8-diaza- 
9, 1 0-dihydrophenanthrene, 2-butoxy-7-nonyloxy-1 , 8-diaza- 9, 1 0-dihydrophen- 
anthrene, 2-butoxy-7-decyloxy-1 ,8-diaza-9, 1 O-dihydrophenanthrene, 2-pentoxy- 
7-hexyloxy-1 , 8-diaza- 9, 1 O-dihydrophenanthrene, 2-pentoxy-7-heptyloxy-1 ,8- 
diaza-9, 1 O-dihydrophenanthrene, 2-pentoxy-7-octyloxy- 1 ,8-diaza-9, 1 0- 
dihydrophenanthrene, 2-pentoxy-7-nonyloxy- 1 , 8-diaza-9, 1 O-dihydrophen- 
anthrene, 2-pentoxy-7-decyloxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 
2~hexyloxy-7-heptyloxy-1 ,8-diaza-9, 1 O-dihydrophenanthrene, 2-hexyloxy-7- 
octyloxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2-hexyloxy-7-nonyloxy-1 ,8- 
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diaza-9, 1 0-dihydrophenanthrene, 2-hexyloxy-7-decyIoxy-1 ,8-diaza-9, 1 0- 
dihydrophenanthrene, 2-hexyioxy-7-(4-butyIdimethylsil/l)butoxy-1 ,8-diaza-9,10- 
dihydrophenanthrene, 2-heptyloxy-7-octyloxy-l ,8-diaza-9,1 0-dihydrophen- 
anthrene, 2-heptyioxy-7-nonyloxy-l ,8-diaza-9,1 0-dihydrophenanthrene, 
2-heptyloxy-7-decyioxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2-heptyloxy-7-(6- 
methyl)octyloxy-1 ,8-diaza-9,1 0-dihydrophenanthrene, 2-octyloxy-7-nonyIoxy- 
1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7-decyloxy- 1 ,8-diaza-9, 1 0- 
dihydrophenanthrene, 2-octyloxy-7-undecyloxy-1 ,8-diaza-9, 1 0-dihydrophen- 
anthrene, 2-octyloxy-7-dodecyloxy-1 ,8-diaza-9,1 0-dihydrophenanthrene, 
2-octyloxy-7-(5-oxa)nonyloxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 2-nonyloxy- 
7-decyloxy-1 ,8-diaza-9,1 0-dihydrophenanthrene, 2-nonyloxy-7-undecyloxy-1 ,8- 
diaza-9, 1 0-dihydrophenanthrene, 2-nonyloxy-7-dodecyloxy- 1 ,8-diaza-9, 1 0- 
dihydrophenanthrene, 2-decyloxy-7-undecyloxy-1 ,8-diaza-9, 1 0-dihydrophen- 
anthrene, 2-decyloxy-7-dodecytoxy-1 ,8-diaza-9, 1 0-dihydrophenanthrene, 
2-butoxy-7-pentoxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-butoxy-7-hexyloxy-1 - 
aza-9, 1 0-dihydrophenanthrene, 2-butoxy-7-heptyloxy-1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-butoxy-7-octyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-butoxy-7- 
nonyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-butoxy-7-decyloxy-1 -aza-9, 1 0- 
dihydrophenanthrene, 2-pentoxy-7-hexyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 
2-pentoxy-7-heptyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-pentoxy-7-octyloxy- 
1 -aza-9, 1 0-dihyd rophenanthrene, 2-pentoxy-7-nonyloxy- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-pentoxy-7-decyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 
2-hexyloxy-7-heptyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-hexyloxy-7- 
octyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-hexyloxy-7-nonyloxy-1 -aza-9, 10- 
dihydrophenanthrene, 2-hexyloxy-7-decyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 
2-hexyloxy-7-(4-butyldimethylsily!)butoxy-1 -aza-9, 1 0-dihydrophenanthrene, 
2-heptyloxy-7-octyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-heptyloxy-7- 
nonyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-heptyloxy-7-decyloxy-1 -aza-9, 10- 
dihydrophenanthrene, 2-heptyloxy-7-(6-methyl)octyloxy-1 -aza-9, 1 0- 
dihydrophenanthrene, 2-octyloxy-7-nonyloxy-1 -aza-9, 10-dihydrophenanthrene, 
2-octyloxy-7-decyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7- 
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undecyloxy-1 -aza-9, 1 O-dihydrophenanthrene, 2-octyloxy-7-dodecyloxy- 1 -aza- 
9, 1 0-dihydrophenanthrene, 2-octyloxy-7-(5-oxa)nonyloxy-1 -aza-9, 1 0- 
dihydrophenanthrene, 2-nonyloxy-7-decyioxy- 1 -aza-9, 1 0-dihydrophenanthrene, 
2-nonyloxy-7-undecyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-nonyloxy-7- 
dodecyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-decyloxy-7-undecyloxy-1 -aza- 
9,1 O-dihydrophenanthrene, 2-decyloxy-7-dodecytoxy-1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-hexyloxy-7-pentoxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-heptyloxy- 
7-hexyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-heptyloxy-7-pentoxy-1 -aza- 
9, 1 0-dihydrophenanthrene, 2-octyloxy-7-butoxy- 1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-octyloxy-7-pentoxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7- 
hexyloxy- 1 -aza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7-heptyloxy- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-nonyloxy-7-pentoxy-1 -aza-9, 1 0-dihydrophenanthrene, 
2-nonyloxy-7-hexyloxy-1 -aza-9, 1 O-dihydrophenanthrene, 2-nonyloxy-7- 
heptyloxy-1 -aza-9, 1 0-dihydrophenanthrene, 2-nonyloxy-7-octyloxy- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-butoxy-7-pentoxy-8-fluoro- 1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-butoxy-7-hexyloxy-8-fluoro-1 -aza-9, 1 O-dihydrophenanthrene, 
2-butoxy-7-heptyloxy-8-fluoro-1 -aza-9, 1 O-dihydrophenanthrene, 2-butoxy-7- 
octyloxy-8-fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-butoxy-7-nonytoxy-8- 
fiuoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-butoxy-7-decyloxy-8-fluoro-1 -aza- 
9, 1 0-dihydrophenanthrene, 2-pentoxy-7-hexyloxy-8-fluoro- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-pentoxy-7-heptyloxy-8-fluoro- 1 -aza-9, 1 O-dthydrophen- 
anthrene, 2-pentoxy-7-octy!oxy-8-fluoro-1 -aza-9, 1 O-dihydrophenanthrene, 
2-pentoxy-7-nonyloxy-8-fluoro- 1 -aza-9, 1 O-dihydrophenanthrene, 2-pentoxy-7- 
decyloxy-8-fluoro-1 -aza-9, 1 O-dihydrophenanthrene, 2-hexyloxy-7-heptyloxy-8- 
fiuoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-hexyloxy-7-octyloxy-8-fluoro-1 -aza- 
9, 1 O-dihydrophenanthrene, 2-hexyloxy-7-nonyloxy-8-fluoro- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-hexyloxy-7-decyloxy-8-fluoro- 1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-hexyloxy-7-(4-butyldimethylsilyl)butoxy-8-fiuoro-1 -aza-9, 1 0- 
dihydrophenanthrene, 2-heptyloxy-7-octyloxy-8-fluoro- 1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-heptyloxy-7-nonyloxy-8-ftuoro- 1 -aza-9, 1 O-dihydrophenanthrene, 
2-heptyloxy-7-decy!oxy-8-fluoro-1 -aza-9, 1 O-dihydrophenanthrene, 2-heptyloxy- 
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7-(6-methyl)octyloxy-8-fluoro- 1 -aza-9, 1 O-dihydrophenanthrene, 2-octyioxy-7- 
nonyloxy-8-f luoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7-decyloxy-8- 
fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7-undecy loxy-8-f luoro- 1- 
aza-9,1 O-dihydrophenanthrene, 2-octyloxy-7-dodecyloxy-8-f luoro-1 -aza-9, 10- 
dihydrophenanthrene, 2-octyloxy-7-(5-oxa)nonyloxy-8-fluoro-1 -aza-9, 1 0- 
dihydrophenanthrene, 2-nonyloxy-7-decyloxy-8-fluoro-1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-nonyloxy-7-undecyloxy-8-f luoro- 1 -aza-9, 1 0-dihydrophenanthrene, 
2-nonyloxy-7-dodecyloxy-8-fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-decyloxy- 
7-undecyloxy-8-fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-decyloxy-7- 
dodecyloxy-8-f luoro-1 -aza-9, 1 O-dihydrophenanthrene, 2-hexyloxy-7-pentoxy-8- 
fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-heptyloxy-7-hexyloxy-8-fluoro-1-aza- 
9,1 O-dihydrophenanthrene, 2-heptyloxy-7-pentoxy-8-f luoro- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-octyloxy-7-butoxy-8-fluoro-1 -aza-9, 1 0-dihydrophen- 
anthrene, 2-octyloxy-7-pentoxy-8-fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 
2-octyloxy-7-hexyloxy-8-f luoro- 1 -aza-9, 1 0-dihydrophenanthrene, 2-octyloxy-7- 
heptyloxy-8-fluoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-nonyloxy-7-pentoxy-8- 
f luoro-1 -aza-9, 1 0-dihydrophenanthrene, 2-nonyloxy-7-hexyloxy-8-f luoro-1 -aza- 
9, 1 0-dihydrophenanthrene, 2-nonyloxy-7-hepty loxy-8-f luoro- 1 -aza-9, 1 0- 
dihydrophenanthrene, 2-nonyloxy-7-octyloxy-8-fluoro- 1 -aza-9, 1 0-dihydrophen- 
anthrene, and 2-nonyloxy-7-octyloxy-8-fluoro-1 -aza-9, 1 0-dihydrophenanthrene. 

Preferred compounds of component C, i.e. 2-fluoropyridine derivatives of the 
formula (III), are those in which the symbols and indices have the following 
meanings: 

R 1 and R 2 , independently of one another, are hydrogen or a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without 
an asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups 
may be replaced by -O-, -CO-O-, -O-CO- or -Si(CH 3 ) 2 -; one or more hydrogen 
atoms of the alkyl group may be substituted by F; 

A 1 , A 2 , A 3 and A 4 , independently of one another, are 1 ,4-phenylene in which 
one or two hydrogen atoms may be substituted by F, trans-1 ,4-cyclohexylene 
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or naphthalene-2,6-diyl; 

M 1 , M 2 , M 3 and M 4 , independently of one another, are -CO-0-, -0-CO-, 
CH 2 -0- or -0-CH 2 -; 

k, I, m, n, o, p, q and r are 0 or 1 , with the proviso that the sum of k + m + p + r 
is more than 0 and less than 4, preferably less than 3. 

Particulary preferable compounds of the formula (III) include: 


F 
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(HI-7) 


(111-8) 


(111-9) 


( 111-10) 


( 111-11 ) 


( 111-12 ) 


( 111-13 ) 


( 111-14 ) 
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(111-54) 


( 111-55) 


wherein R and R' have the same meanings as R 1 and R 2 in formula (III). 

Preferred compounds of group D, i.e., of formula (IV), are those in which the 

symbols and indices in formula (IV) have the following meanings: 

R 1 and R 2 , independently of one another, are hydrogen or a straight-chain or 

branched-chain alkyl group having from 1 to 16 carbon atoms (with or without 

an asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups 

may be replaced by -O-, -CO-0-, -O-CO- or -Si(CH 3 ) 2 -, and one or more 

hydrogen atoms of the alkyl group may be substituted by F; 

A 1 , A 2 and A 3 , independently of one another, 1 ,4-phenylene in which one or 

two H atoms may be substituted by F, pyridin-2,5-diyl, pyrimidin-2,5-diyl, 

naphthalene-2,6-diyl or 1 ,4-cyclohexylene; 

X 1 and X 2 are selected from hydrogen and F; with the proviso that X and X 

are not simultaneously hydrogen, preferably X 1 and X 2 are both F, 

each of Z 1 and Z 2 are -CO-0-, -O-CO-, -0-CH 2 -, -CH 2 -0-, -C = C- or a single 

bond; 

each k, m and n are 0, 1 or 2, and (k + m + n) is 1 or 2. 

Examples of particularly preferred compounds of the formula (IV) include: 
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( IV-34 ) 


( IV-35 ) 


( IV-36 ) 


( IV-37 ) 


( IV-38 ) 


( IV-39 ) 


( IV-40 ) 
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( IV-41 ) 


( IV-42 ) 


( IV-43 ) 


( !V-44 ) 


( IV-45 ) 


( iV-46 ) 


( IV-47 ) 
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F F 



( IV-62 ) 


( IV-63 ) 


wherein R and R' have the same meaning as R 1 and R 2 in formula (IV). 

Preferred compounds of group E, i.e. of formula (V), are those, in which the 
symbols and indices in the formula (V) have the following meanings: 
X 3 is F, CF 3 or a straight chain or branched alkyl group having from 1 to 12 
carbon atoms, in which one CH 2 -group may be replaced by -0-, -CO-O- or -O- 
CO-, and in which one or more hydrogen atoms may be substituted by F; 
R 1 is hydrogen or a straight-chain or branched-chain alkyl group having from 1 
to 16 carbon atoms (with or without an asymmetrical carbon atoms), in which 
one CH 2 -group may be replaced by -0-, -CO-O- or -O-CO- and in which one or 
more hydrogen atoms may be substituted by F; 

A 1 , A 2 and A 3 , independently of one another, are 1 ,4-phenylene in which one 
or two hydrogen atoms may be substituted by F, pyridine-2,5-diyl or 
pyrimidine-2,5-diyl, trans-1 ,4-cyclohexylene in which one or two hydrogen 
atoms may be substituted by CN, or 1 ,3,4-thiadiazole-2,5-diyl; 
M 1 , M 2 , M 3 and M 4 , independently of one another, are -CO-O- or -O-CO-. 


RO 



(V-1) 


RO F F 



(V-2) 
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F F 



(V-22) 


F F 

^D-^^-O* <v - 23> 

F F 

wherein FT has the same meaning as Ft 1 in formula (V). 

The compounds of groups A to E are either known or can be prepared in a 
manner known per se, analogously to known compounds. 
The compounds and synthesis thereof, are described, e.g., in: 
EP-A 0 309 514 and DE-A 37 03 651 (component A); 
DE-A 195 00 768 (component B); 
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US 5, 389,291 and WO-A 92/11 241 (component C); 
EP-A 0 332 024 (component D); and 
EP-A 0 578 054; 

all of which are incorporated herein by reference. 

The liquid crystal mixtures according to the invention are prepared in a manner 
which is customary per se. As a rule the components are dissolved in one 
another, advantageously at elevated temperatures. 

Preferably the ferroelectric liquid crystal mixture according to the present 
invention comprises 2 to 30, more preferably 2 to 25 and in particular 2 to 20 
compounds of groups A to E. 

Preferably the mixture's content of compounds of groups A to E is 5 % by 
weight or more, more preferably 10 % or more, particularly 15 % or more. 
In a preferred embodiment the mixture according to the invention comprises 
compounds from 2, 3 or 4 different groups A to E. 

In a preferred embodiment the mixture according to the invention comprises at 
least one compound from group: 

a) A b) . B c) C 

d) D e) E. 

In a further preferred embodiment the mixture according to the invention 

comprises 2 or more compound from at least groups: 

a) A + B b) A + C c) A + D 

d) A + E e) B + C f) B + D 

g) B + E h) C + D i) C + E 

j) D + E. 

In a further preferred embodiment the mixture according to the invention 

comprises 3 or more compounds from at least groups: 

a) A + B + C b) A + B + D c) A + B + E 

d) a + C + D e) A + C + E f) A + D + E 

gj b + C + D h) B + C + E i) B + D + E 
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j) C + D + 

In a particularly preferred embodiment the mixture according to the invention 
includes one or more compounds of group A and one or more compounds 
selected from groups B to E. 

In a further particularly preferred embodiment the mixture according to the 
invention includes one or more compounds from group B and one or more 
compounds from group A and C to E. 

In a further particularly preferred embodiment the mixture according to the 
invention includes one or more compounds from group A and one or more 
compounds from group B. 

In another particularly preferred embodiment the mixture according to the 
invention includes one or more compounds from group A, one or more 
compounds from group B and one or more compounds from groups C to E. 
The liquid crystal mixtures according to the invention generally contains from 2 
to 35, preferably from 2 to 30, particularly preferably from 2 to 25 compounds. 

Further suitable components for the liquid crystal mixtures according to the 
invention include, for example: 

derivatives of phenylpyrimidine, as described, for example, in WO 
86/06401 and US-A 4,874,542, 

meta-substituted aromatic compounds having a six-membered ring, as 
described, for example, in EP-A 0 578 054, 

silicon compounds, as described, for example, in EP-A 0 355 008, 
mesogenic compounds containing only one side chain as described, for 
example, in EP-A 0 541 081, 

hydroquinone derivatives, as described, for example, in EP-A 0 603 786, 
pyridylpyrimidines, as described, for example, in WO 92/12974, 
phenylbenzoates, as described, for example, in P. Keller, Ferroelectrics 
58 (1984), 3, and J.W. Goodby et al., Liquid Crystals and Ordered 
Fluids, Vol. 4, New York, 1984, 
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thiazoles, as described, for example, in EP-A 0 430 170, 
fluorinated compounds, especially terphenyles, as described, for 
example, in EP-A 0 132 377, 

4-cyano-cyclohexyl derivatives, as described, for example, in EP-A 0 233 
267, 

2-fluoro-pyrazines, as described, for example in EP-A 0 532 916, 
naphthalene compounds, as described, for example, in DE-A 42 40 041, 
and 

thiophene compounds, as described, for example in EP-A 0 400 072. 

Examples of suitable chiral, non-racemic dopes include: 

optically active phenylbenzoates, as described, for example, in P. Keller, 
Ferroelectrics 58 (1984), 3, and J.W. Goodby et al., Liquid Crystals and 
Ordered Fluids, Vol. 4, New York, 1984, 

optically active oxirane ethers, as described, for example, in EP-A 0 263 
437 and WO-A 93/13093, 

optically active oxirane esters, as described, for example, in EP-A 0 292 
954, 

optically active dioxolane ethers, as described, for example, in EP-A 0 
351 746, 

optically active dioxolane esters, as described, for example, in EP-A 0 
361 272, 

optically active tetrahydrofuran-2-carboxylic esters, as described, for 
example, in EP-A 0 355 561, 

optically active 2-fluoroalkyl ethers, as described, for example, in EP-A 0 
237 007 and US-A 5,051,506, and 

optically active 4-cyano-cyclohexyl compounds, as described, for 
example, in EP-A 0 428 720. 

Preferred additional compounds are 4-cyano-cyclohexyls of the formula (VI): 
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CN 


R 1 -(A 1 ) r (M 1 ) m -(A 2 ) n ^(M 2 ) 0 -H^ ^-R 1 


(VI) 


R 1 and R 2 independently of one another, are hydrogen or a a straight-chain or 
branched-chain alkyl group having from 2 to 1 6 carbon atoms (with or without 
an asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups 
may be replaced by -0-, -CO-, -CO-0-, -0-CO-, -CH = CH-, -OC- or -Si(CH 3 ) 2 -; 
one or more hydrogen atoms of the alkyl group may be substituted by F, CI, CN 
and/or CF 3 ; or R 1 is one of the following chirai groups: 

R 5 

Q- 


R 


-Q- 


-R 

7 



H 


H 


CI 


H 


R-C-CO-O- R-C-CO-O- R-C-CK-O- 


Cl 


H 

R-C-CO-O- 
F 


H 

R-C-CO-O- 
CN 


H 

R-C-CHj-O- 
CN 


H 

R-C-CO-O- 

j 

CH3 


H 

R-C-Ct-^-O- 
CH3 


H H CH3 

R-C-Cl-^-CO-O- R-C-CKCHj-O- R — O-C-CO-O- 

Cl CI H 
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| 3 | 
R-O-CO-C— O- R-C-O-CO- 

H CN 

wherein R 3 , R 4 , R 5 r R 6 and R 7 , independently of one another, are a straight- 
chain or branched-chain alkyl group having from 1 to 16 carbon atoms (with or 
without an asymmetrical carbon atom), where one or more -CH 2 - groups may 
also be replaced by -O- or -CH = CH-, with the proviso that oxygen atoms must 
not be bonded directly to one another; one or more hydrogen atoms of the alkyl 
group may be substituted by -F or -C!; or R 4 and R 5 may also together be - 
(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to an oxirane, dioxolane or 
tetrahydrofuran system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

A 1 and A 2 are identical or different and are 1 ,4-phenylene, in which one or 
two hydrogen atoms may be substituted by F, or pyrazine-2,5-diyl, pyridazine- 
3,6-diyl, pyridine-2,5-diyl or pyrimidine-2,5-diyI, trans-1 ,4-cyclohexylene in 
which one or two hydrogen atoms may be substituted by CN, or 1,3,4- 
thiadiazole-2,5-diyl, 1 ,3-dioxane-2,5-diyl, naphthalene-1 ,6-diyl; 
M 1 and M 2 , independently of one another, are -CO-O-, -O-CO-, -O-CO-O-, 
-CH 2 -0-, -0-CH 2 -, -CH 2 -CH 2 -, -CH = CH- or -CH = C- with the proviso that M 1 
and M 2 must not be bonded directly to one another; 

I, m, n and o are 0 or 1, with the proviso that the sum of ! + n is more than 0 
and less than 4. 

Examples of particulary preferred compounds of the formula (VI) include: 
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( VI-1 ) 
( VI-2 ) 
( VI-3 ) 

(VW) 
( VI-5 ) 

( VI -6 ) 
( VI -7 ) 


wherein R and FT have the same meanings as R 1 and R 2 in formula (VI). 

Further preferred components are one or more phenylpyrimidine compounds of 
the formula (VII) 
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— R 2 (VII) 






O 


P 


wherein R 1 and R 2 are as defined under formula (I); 

rings A and B, independently of one another, are 1 ,4-phenylene or a 1,4- 
cyclohexylene group; 

o and p are 0, 1 or 2, with the proviso that o<o + p < 2; if o or p is 2 then 
A or B groups can be different. 

Examples of preferred compounds of the formula (VII) include: 
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wherein R and R\ independently of each other, are alkyl groups having from 1 
to 1 2 carbon atoms. 

it is preferable that the liquid crystal mixture of the present invention has a 
negative Ae, It is still preferable that the absolute value thereof is 2 or above, 
particularly 4 or above. 

It is preferable that the liquid crystal mixture employed in the ferroelectric liquid 
crystal disptey device has a phase sequence of l-N*-Sa-Sc* (with decreasing 
temperature), a sufficiently broad N* phase and a broad Sa phase, and 

SUBSTITUTE SHEET (RULE 26) 
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sufficiently long helical pitches in the N* and Sc* phases, since good alignment 
characteristics can be thus achieved. (I stands for the isotropic phase, N* 
stands for the chiral nematic phase, Sa stands for the smectic A phase, and 
Sc* stands for the chiral smectic C phase.) In particular, the smectic A phase 
shoud have a temperature range of 5 °C or more. 

Use of the compounds of groups A to E, optionally together with the 
compounds of general formulae (VI) and (VII)), in accordance with the present 
invention allows enlargement of the absolute value of the negative Ae of 
ferroelectric liquid crystals. In the conventional methods, the spontaneous 
polarization value of liquid crystals is selected to be sufficiently low so as to 
give a low driving voltage. However, the present invention makes it possible to 
improve the response speed by increasing the spontaneous polarization value 
without elevating the driving voltage. In the present invention, the 
spontaneous polarization value ranges preferably from 1 to 30 Nc/cm , 
particularly preferably from 5 to 20 Nc/cm 2 . 

With an increase in spontaneous polarization value, it is sometimes observed 
that sufficiently enough contrast cannot be obtained due to sticking or 
insufficient memory properties. It is, therefore, preferable that the ferroelectric 
liquid crystal mixture of the present invention has at least one compound as 
described, e.g., in EP-A 0 502 964, EP-A 0 385 688 or WO-A 93/04142. 

Examples of these compounds include, in particular, ethylene glycol dimethyl 
ether and methylene glycol dimethyl ether, and crown ethers (for example, 12- 
crown-4, 15-crown-5, 18-crown-6, etc.) and derivatives thereof. 

It is preferable that the liquid crystal mixture of the invention contains from 
0.01 to 5% by weight, particularly from 0.1 to 2% of the above compounds. 

It is also preferable that the pretilt angle of liquid crystal molecules at the 
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interface between the liquid crystal and the alignment layer is 10^ or less, 
preferably 0.1 ° to 8°. 

In a preferred embodiment the mixtures according to the invention show a ratio 
(-) (5V)/(-) (OV) of 1.4 or more preferably 1.8 or more, particularly preferably 
2.0 or more. 

The mixtures according to the invention can be used in electro-optical or fully 
optica! elements, for example display elements, switching elements, light 
modulators, elements for image processing and/or signal processing or generally 
in the area of nonlinear optics. 

Liquid-crystalline mixtures according to the invention are particularly suitable for 
use in electro-optical switching and display devices (displays). These displays 
are usually constructed in such a way that a liquid-crystal layer is enclosed on 
both sides by layers which are usually, in this sequence starting from the LC 
layer, at least one alignment layer, electrodes and a limiting sheet (for example 
of glass). In addition, they contain spacers, adhesive frames, polarizers and, for 
color displays, thin color-filter layers. Other possible components are 
antireflection, passivation, compensation and barrier layers and electric non- 
linear elements, such as thin-film transistors (TFTs) and metal-insulator-metal 
(MIM) elements. The structure of liquid-crystal displays has already been 
described in detail in relevant monographs (see, for example, E. Kaneko, "Liquid 
Crystal TV Displays: Principles and Applications of Liquid Crystal Displays", 
KTK Scientific Publishers 1987). 

They are expecially useful for application in the inverse or T-V {min} mode. 

The mixtures according to the invention are characterized by an advantageous 
figure of merit value as defined in A.J. Staney et al., Ferroelectncs 1996, 178, 
65-74 and are, therefore, especially useful for practical applications in displays. 
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The present invention further provides a ferroe.ectric liquid crystal (FLO display 
device comprising the above-mentioned liquid crystal mixture of the present 
invention between a pair of substrates each comprising an electrode and an 
alignment layer formed thereon. 

,n a preferred embodiment the FLC display operates in the inverse mode. 

Multiplexed FLC devices can operate in two different ways: the so-called 
"norma, mode" and the so-cal.ed "inverse mode", the latter also somet.mes 
being referred to as T V min -mode" or "negative dielectric mode". The distinction 
of both modes lies in the addressing schemes and in the different requirement 
with respect to the dielectric tensor of the FLC material, i.e. the FLC m.xture. A 
survey is given, for example, in "Fast High Contrast Ferroe.ectric Liquid Crystal 
Displays and the Role of Dielectric Biaxiality" by J.C. Jones. M.J. Tow.er, J.R. 
Hughes. Displays, Volume 14, No. 2 (1993), referred to as Jones hereafter, M. 
Koden, Ferroelectrics 179. 121 (1996) and references cited there.n. 

,n general, the switching characterises of FLC can be discussed in terms of a 
diagram having the driving voltage (V) on the horizontal axis and the dnv.ng 
pulse width (T, time) on the vertical axis as in Jones, fig 8, 10 or 1 1 . 

A switching curve is determined experimentally and devides the V.t area into a 
switching and non-switching part. Usual., the higher the voltage, the smaller ,«t 
the pulse width for switching. Such a behav.our is typically observed for the so- 
called "norma, mode" FLC devices within the range of applied driving voltages. 

For a suitable material, however, the V.t curve reaches a minimum (at voltage 
V ) as - for example - shown in Jones, fig. 8. 10, 11 and then shows an 
upturn for higher voltages which is due to the superposition of dielectnc and 
ferroelectric torques. FLC devices work in the inverse mode, if in the 
temperature range of operation, the sum of row and column driving voltage ,s 


BN8DOCID: <WO 9704039A1JU* 


SUBSTITUTE SHEET (RULE 26) 


W O 97/04039 


CT/EP96/03154 


- 63 - 

higher than the voltage at the minimum of the V,t curve, i.e. V row -r V co , > V min . 

Several documents are cited in this application, e.g. to discuss the state of the 
art, synthesis of compounds used in the present invention or application of the 
mixtures according to the invention. All these documents are hereby 
incorporated by reference. 

This application claims priority from Japanese patent applications 18 03 39/95 
and 34 32 88/95 the content of both of which is hereby incorporated by 
reference. 

The present invention is illustrated but not limited by the following examples. 
All percentages given are by weight. 
Cell Fabrication 

A solution of LQT 120 (Hitachi Kasei) is applied onto glass substrates with ITO 
by spin coating at 2500 rpm. The substrates are heated at 200°C for 1 hour to 
form a film. After rubbing the coated film with a nylon cloth in one direction, 
the substrates are assembled into a cell with spacers having a thickness of 2.0 
/vm inserted between the substrates in such a manner that the rubbing 
directions are parallel to each other. The properties of the liquid crystal mixture 
is measured using the resulting cell. The voltage (vmin), which gives a minimum 
value (Tmin) of the pulse width M in the t-v characteristics of a ferroelectric 
liquid crystal device, is measured by filling the liquid crystal mixture into the cell 
in an isotropic phase, then applying a monopolar pulse to the cell at 25°C. 

Phase transition temperatures were determined by optical polarizing microscopy 
and DTA. 

The dielectric anisotropy Ue) is measured by filling the liquid crystal mixture 
into a homotropic orientation cell and a planar orientation cell (EHC, with a celt 
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gap of 10 /ym) and applying an electric field of 1 V, 20 KHz to the cells at 25°C. 
The value for homotropic alignment is corrected for the tilt angle. 

Spontaneous Polarization P s 

The Diamant bridge (or Sawver-Tower) method (H. Diamant, K. Prenck and R. 
Pepinsky, Rev. Sci. Instr. 28, 30 (1957)) is used to determine P s . The test cells 
have a thickness of 5 //m and are thinly coated with ITO. 

2 {-) (5 V) was measured by optical inspection of two memory states under 
applying a high frequency rectangular pulse. The voltage of the rectangular 
pulse from peak to peak is 10 V. 
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Example 1 

FELIX-M485 1/000 and FELIX-M485 1 /1 00 (Hoechst AG) are mixed with the 
compounds shown below in accordance with the present invention in the 
indicated ratio (wt%) to prepare a liquid crystal mixture A. 

The phase transition temperatures, the spontaneous polarization (Ps), the 
dielectric anisotropy (Ae), the voltage at a minimum pulse width (Vmin), the 
minimum pulse width (Tmin), and the effective cone angle under applying a 
high-frequency rectangular pulse (26) of the liquid crystal mixture A are shown 
below. 

ratio 

FELIX-M485 1/000 51 
FELIX-M4851/100 29 
Compound a 10 
Compound b 10 



Liquid Crystal Mixture A: 

Phase Transition temperature: 

Sc 64.3 Sa 77.2 N 81 .4 I 
Ps: -8.2 nC/cm 2 
Ae: -2.7 
Tmin: 1 2 
Vmin: 23 V/'/ym 
29 5V: 27.4° 
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Comparative Example 1 

FELIX-M4851/000 and FELIX-M4851 /1 00 (Hoechst AG) are mixed with the 
compounds shown below in the indicated ratio (wt%) to prepare liquid crystal 
mixtures B and C, in which the concentration of the chiral dopants is almost the 
same as that of the liquid crystal mixture A described in Example 1 . The phase 
transition temperature, the spontaneous polarization (Ps), the dielectric 
anisotropy (Ae), the voltage at a minimum pulse width (Vmin), the minimum 
pulse width (Tmin), and the effective cone angle under applying a high- 
frequency rectangular pulse (28) of the liquid crystal mixtures B and C are 
shown below. 

ratio 
B C 

FELIX-M485 1/000 76 64 

FELIX-M4851/100 24 26 

Compound b 10 
Liquid Crystal Mixture B: 

Phase transition temperature: 

Sc 62.7 Sa 68.7 N 72.7-74.4 I 

Ps: 8.5 nC/cm 2 

Ae: -0.8 

Tmin: 7 //s 

Vmin: 65 V//;m 

29 (5V): 17.3° 
Liquid Crystal Mixture C: 

Phase transition temperature: 

Sc 55.5 Sa 68.7 N 72.9-75.0 I 

Ps: 7.5 nC/cm 2 

Ae: -1.1 

Tmin: 9 


BN80OCID; <WO ©704039A1JU> 


cjnpcTiTiJTE SHEET (RULE 26) 


WO 97/04039 



CT/EP96/03154 


- 67 - 

Vmin: 45 V/jjm 

28 (5V): 23° 

The liquid crystal mixture A described in Example 1 has a value of Vmin lower 
than that of the liquid crystal mixtures B and C, and it can be driven under a 
low voltage. It also has a lower value of Ae. 

Example 2 

FELIX-M485 1/000 and FELIX-M4851 /1 00 (Hoechst AG) are mixed with the 
groups of the compounds (d, e and f) in accordance with the present invention 
in the indicated ratio (wt%) to prepare liquid crystal mixtures D, E and F. 
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The phase transition temperature, the spontaneous polarization (Ps), the 
effective cone angle under applying a high-frequency rectangular pulse (29), the 
voltage at a minimum pulse width (Vmin) and the minimum pulse width (Tmin) 
of each of the liquid crystal mixtures are shown below. 

Table 2 


Phase transition Sc Sa N I 
temperature: 


D 


62.8 

71.8 75 

.3 

-77.0 

E 


62.2 

66.0 69. 

5- 

71 .2 

F 


59.2 

73.9 77.2-80.0 


Ps 

Tmin 

Vmin 


28 (! 


(nC/cm 2 ) 

i/JS) 

(V///m) 


(°) 

D 

-8.6 

9.2 

35 


20.2 

E 

-8.6 

10.0 

45 


24.8 

F 

-8.4 

8.8 

30 


19.8 


Example 3 

FELIX-M4851/000 and FELIX-M4851 /1 00 (Hoechst AG) are mixed with the 
compounds (g) shown below in the indicated ratio (wt%) to prepare a liquid 
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crystal mixture G, in which the concentration of the chiral dopants is almost the 
same as that of the liquid crystal mixture A described in Example 1 . The phase 
transition temperature, the spontaneous polarization (Ps), the effective cone 
angle under applying a high-frequency rectangular pulse (26), the voltage at a 
minimum pulse width (Vmin) and the minimum pulse width (Tmin) of the liquid 
crystal mixture G are shown below. 

ratio 

FELIX-M485 1/000 39 
FELIX-M4851/100 31 
Compound Group g 10 each 



Liquid Crystal Mixture G: 

Phase transition temperature: 

Sc 62.9 Sa 67.1 N 70.3-71.8 I 
Ps: -8.7 nC/cm 2 

Tmin: 1 6.0 //s 
Vmin: 35 V//vm 
29 <5V): 24. 6 C 
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Example 4 

The compounds shown below are mixed in the indicated ratio (wt%) to prepare 
a liquid crystal mixture H. 

The phase transition temperature, the spontaneous polarization (Ps), the 
dielectric anisotropy (Ae), the voltage at a minimum pulse width (Vmin) and the 
minimum pulse width (Tmin) of the liquid crystal mixture H are shown below. 
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C 9 H— O- 



o 


N — N 

7 V 



H 


10 


Liquid Crystal Mixture H: 

Phase transition temperature: 

Sc 71.8 Sa 73.3 N 87.0-89.7 I 
Ps: 8.0 nC/cm 2 
Ae: -4.0 
Tmin: 13jt/s 
Vmin: 33 V///m 


Example 5 


FELIX-M485 1/000 and FELIX-M4851 /1 00 (Hoechst AG) are mixed with the 
compounds shown below in accordance with the present invention in the 
indicated ratio (wt%) to prepare a liquid crystal mixture J. 

The phase transition temperature, the spontaneous polarization (Ps), the 
dielectric anisotropy (Ae), the voltage at a minimum pulse width (Vmin) and the 
minimum pulse width (Tmin) of the liquid crystal mixture J are shown below. 

ratio 

FELIX-M4851/000 65 
FELIX-M4851/100 15 
Compounds J 10 each 

(2 compounds as follows) 
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Liquid Crystal Mixture J: 

Phase transition temperature: 

Sc 60.0 Sa 66.3 N 68.3-70.1 I 
Ps: -3.8 nC/cm 2 
Ae: -2.5 
rmin: 25 //s 
Vmin: 20 V//vm 

Comparative Example 2 

The phase transition temperature, the spontaneous polarization (Ps), the 
dielectric anisotropy (Ae), the voltage at a minimum pulse width (Vmin) and the 
minimum pulse width (Tmin) of FELIX-M485 1 /000, which has a similar 
concentration of the chiral dopants as that of the liquid crystal mixture J, are 
shown below. 

Phase transition temperature: 
Sc 64 Sa 70 N 74 I 

Ps: -4.0 nC/cm 2 

Ae: -0.5 

Tmin: 1 7 /vs 

Vmin: 40 V//vm 

In the liquid crystal mixture J described in Example 5, the value of Vmin is 
lower than that of FELIX-M485 1 /000, and Thus tt can be driven under a low 
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voltage. It also has a lower value of Ae. 


Example 6 


A liquid crystal mixture K contains the following components 


CsH, KP N K2)" 0 " CeHi7 


19% 


^K^KpV 0 ■ ° ioH21 


7% 


15% 


13% 


13% 


13% 
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0-C s H 13 


20 % 


The following compounds are added to the liquid crystal mixture K to prepare a 
liquid crystal mixture L. 


N N-N , 


0-C 9 H 19 10% 


CH, 


C 4 H 9 -Si-C 4 H 8 - O 
CH, 



H )-C s H„ 


10 % 


C 8 H 17 -0 



O - CO - C C - C 3 H 7 1 o /o 


R R 


C 6 H 13 -0 



Or°- c e H « 


10% 


The phase Transition temperature, the spontaneous polarization (Ps), the voltage 
at a minimum pulse width (Vmin) and the minimum pulse width (Tmin) of the 
liquid crystal mixture E are shown in Table 1 . 
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Table 1 

Phase transition temperature: 

X -5 Sc* 62.5 Sa 79.4 N* 83.3-85.0 I 
Ps: 3.3nC/cm2 
Ae: -1.5 
Tmin: 20//S 
Vmin: 33V 

Example 7 

The following compounds are added to the liquid crystal mixture K to prepare a 
liquid crystal mixture M. 



The phase transition temperature, the spontaneous polarization (Ps), the voltage 
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at a minimum pulse width (Vmin) and the minimum pulse width (Tmin) of the 
liquid crystal mixture M are shown in Table 2. 

Table 2 

Phase transition temperature: 

X 6 Sc* 65.5 Sa 69.4 N * 74.5-75.0 I 
Ps: 3.3nC/cm2 
Ae: -1.2 
Tmin: 24/ys 
Vmin: 51V 

Example 8 

A liquid crystal mixture N was prepared containing the following components: 






12.61 % 


12.82 % 



20.10% 
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Examples 9 to 1 2 

Four liquid crystal mixtures were prepared, consisting the following 
compounds: 


Mixture N 58% 



and 10%, respectively; one of the following compounds shown in the table. 

The phase transition temperature (T c/A , T), the spontaneous polarization (Ps), 
the voltage at a minimum pulse width (V min ), the minimum pulsewidth (Tmin), 
and the effective cone angle under applying a high frequency rectangular pulse 
(V pk . pk = 10V:26 (5V), V pk _ pk = 20V:29 (10V)) of mixtures are shown in the 
table. 
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Examples 1 3 to 31 

The following liquid crystal mixtures were prepared: 


Mixture N: 68% 



and 10%, respectively, one of the following compounds shown in the table. 

The phase transition temperature (T c/A , T), the spontaneous polarization (Ps), the 
voltage at a minimum pulse width (V mjn ), the minimum pulsewidth (Tmin), and the 
effective cone angle under applying a high frequency rectangular pulse (V pk . pk = 
10V:28 (5V), V Dk . nk = 20V:29 (10V)) of mixtures are shown in the table. 
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Claims: 


1. A ferroelectric liquid crystal mixture comprising at least two compounds 
selected from at least two different of the following groups of compounds: 


A. 


(1 ,3,4)-Thiadiazole derivatives of the formula (I): 


R 1 -Z 1 -{A 1 -Z 2 ) 



(A 2 ) b -Z 3 -R 2 


(i) 


wherein the symbols and indices have the following meanings: 


R 1 and R 2 independently of one another, are 


(a) a hydrogen atom, 

(b) a straight-chain or branched-chain alkyl group, with or without an asymmetric 
carbon atom, having from 2 to 1 6 carbon atoms, in which one or two -CH 2 - 
groups may be replaced by -0-, -S-, -CO-, -CO-0-, -0-CO-, -CH = CH-, -C = C-, 
-Si(CH 3 ) 2 -, 1 ,4-cyclohexylene, 1 ,4-phenylene, cyclopropane- 1 ,2-diyl or -O-CO- 
0-, with the proviso that -O- and/or -S- atoms must not be directly bonded to 
one another; one or more hydrogen atoms of the alkyl group may be 
substituted by F, CI, CN and/or CF 3 ; or 

(c) any one of the following chiral groups: 


wherein R , R , R , R b and R , independently of one another, are a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), where one or more -CH 2 - groups may also be replaced 



R ' 
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by -O- or -CH=CH- / with the proviso that oxygen atoms must not be bonded directly 
to one another; one or more hydrogen atoms of the alkyl group may be substituted by 
-F or -CI; or R 4 and R 5 may also together be -<CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to 
an oxirane, dioxolane or tetrahydrofuran system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

Z 1 , Z 2 and Z 3 independently of one another, are a single bond, -O-, -CO-O- or 
-O-CO-; with the proviso that, when R 1 is (c), then Z 1 is not a single bond, and that, 
when R 2 is (c), then Z 2 is not a single bond; 

A 1 and A 2 are identical or different and are 1 ,4-phenylene, in which one or more H 
atoms may be replaced by F, pyridine-2,5-diyl, in which one H atom may be replaced 
by F, pyrimidine-2,5-diyl or trans-1 ,4-cyclohexylene; 
a and b are 0 or 1 and a + b is 0 or 1 ; 

X 1 and X 2 independently of one another, are -N-, -CF- or -CH- ; 
B. Phenanthrene derivatives of the formula (II), 


in which the symbols and indices have the following meanings: 

E 1 , E 2 , E 3 , E 4 , E 5 and E 6 are -N-, -CF- or -CH-, with the following provisos: 

if E 1 (E 4 ) is -N- or -CF-, E 2 and E 3 (E 5 and E 6 ) must be -CH-; 

if E 2 and/or E 3 (E 5 and/or E 6 ) are -CF-, E 1 (E 4 ) must be -CH-; 

if E 2 (E 5 ) is -N-, E 1 (E 4 ) must be -CH-, while E 3 (E 6 ) can be -CH- or -CF-; and 

at least one of E 1 to E 6 must be -N- or -CF-; 

G is -CH 2 CH 2 - or -CH = CH-; 

R 1 and R 2 , independently of one another, are hydrogen or a straight-chain or 
branched-chain alkyl group having from 1 to 20 carbon atoms (with or without an 
asymmetrical carbon atom), in which one or more -CH 2 - groups may be replaced by 
-0-, -CO-O-, -O-CO-, -0-CO-0-, -CH = CH-, -C^C-, cyciopropane-1 ,2-diyl, -Si(CH 3 ) 2 -, 
1,4-phenylene, trans-1 ,4-cyclohexylene or trans-1 ,3-cyclopentylene, with the proviso 
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that oxygen atoms and/or sulfur atoms must not be bonded directly to one another; 
one or more hydrogen atoms of the alkyl group may be substituted by -F, -CI, -Br, 


wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), where one or more -CH 2 - groups may also be substituted 
by -O- or -CH = CH-, with the proviso that oxygen atoms must not be bonded directly 
to one another; one or more hydrogen atoms of the alkyl group may be substituted by 
-F or -CI; or R 4 and R 5 may also together be -(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to 
an oxirane, dioxolane or tetrahydrofuran system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

M 1 and M 2 , independently of one another, are -CO-O-, -O-CO-, -CH 2 -0-, -0-CH 2 - ( 
-CH 2 -CH 2 -, -C = C- or a single bond; 

A 1 and A 2 , independently of one another, are 1 ,4-phenylene in which one or more 
hydrogen atoms may be substituted by F, CI and/or CN, pyrazine-2,5-diyl 
pyridazine-3,6-diyl, pyridtne-2,5-dtyl in which one or more hydrogen atoms may be 
substituted by F, pyrimidine-2, 5-diyl, trans-1 ,4-cyclohexylene in which one or two 
hydrogen atoms may be substituted with CN and/or CH 3 ; 
n and m are 0 or 1 , and the sum of n + m is 0 or 1; 

C. 2-Fluoropyridine derivatives of the formula (III), 


-CF 3 , -CN or -OR 3 ; or R 1 , R 2 are one of the following chiral groups: 

R 5 

r, 5 Q" \ 



R 


F 


R 1 (-A 1 ) k (-M 1 ),(-A 2 ) m (-M 2 ) 


n 



(III) 


in which the symbols and indices have the following meanings: 
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R 1 and R , independently of one another, are hydrogen or a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups may be 
replaced by -0-, -CO-, -CO-O-, -0-CO-, -0-CO-0-, -CH = CH-, -C=C-, cyclopropane- 
1,2-diyl or -Si(CH 3 ) 2 -; one or more hydrogen atoms of the alkyl group may be 
substituted by F, CI, CN and/or CF 3 ; or R 1 , R 2 are one of the following chiral groups: 


wherein R , R , R , R° and R , independently of one another, are a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), where one or more -CH 2 - groups may also be substituted 
by -O- or -CH=CH-, with the proviso that oxygen atoms must not be bonded directly 
to one another; one or more hydrogen atoms of the alkyl group may be substituted by 
-F or -CI; or R 4 and R 5 may also together be -(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to 
an oxirane, dioxolane or tetrahydrofuran system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

A 1 , A 2 , A 3 and A 4 , independently of one another, are 1 ,4-phenylene in which one or 
two hydrogen atoms may be substituted by F, or pyrazine-2,5-diyl, 
pyridazine-3,6-diy!, pyridine-2,5-diyl or pyrimidine-2,5-diyl, trans- 1 ,4-cyclohexylene in 
which one or two hydrogen atoms may be substituted by CN, or naphthalene-2,6-diyl; 
M 1 , M 2 , M 3 and M 4 , independently of one another, are -0-, -S-, -CO-, -CO-O-, 
-O-CO-, -O-CO-O-, -CH 2 -0-, -0-CH 2 -, -CH 2 -CH r , -CH = CH- or -C = C- with the proviso 
that two M groups must not be directly bonded to one another; 
k, I, m, n, o, p, q and r are 0 or 1 , with the proviso that the sum of k + m + p + r is 
more than 0 and less than 4; 
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D. Phenylene derivatives of the formula (IV), 

R^A 1 -zVA2-z2 )nr -<^0}— <Z 3 -A\-R 2 

wherein R 1 and R 2 , independently of one another, are hydrogen or a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups may be 
replaced by -0-, -CO-, -CO-O-, -0-CO-, -0-CO-0-, -CH = CH-, -OC-, cyclopropane- 
1,2-diyl, 1 ,4-phenylene, 1 ,4-Cyclohexylene or -Si(CH 3 ) 2 -; and one or more hydrogen 
atoms of the alkyl group may be substituted with F, CI, CN and/or CF 3 ; or R 1 , R 2 are 
one of the following chiral groups: 


PCT/EP96/03154 


(IV) 


R 5 

u Q- 

wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight-chain or 
branched-chain alkyl group having from 1 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), where one or more -CH 2 - groups may also be substituted 
by -O- or -CH = CH-, with the proviso that oxygen atoms must not be bonded directly 
to one another; one or more hydrogen atoms of the alkyl group may be substituted by 
-F or -CI; or R 4 and R 5 may also together be -(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to 
an oxirane, dioxolane, or tetrahydrofuran system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

A 1 , A 2 , A 3 are, independently of one another, 1 ,4-phenylene in which one two H- 
atoms may be substituted by F, pyridin-2,5-diyl, pyrimidin-2,5-diyl, pyrazine-2,5-diyl, 
pyridazin-3,6-diyl, naphthalene-2,6-diyl, 1 ,2,3,4-tetrahydronapthaiene-2,6-diyl or 1,4- 
cyclohexylene in which one or two hydrogenatoms may be substituted by CN and/or 
CH 3 groups; 
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X 1 and X 2 are selected from hydrogen, F, CI, CF 3 and CN; with the proviso that X 1 
and X 2 are not simultaneously hydrogen; 

each of Z 1 and Z 2 are -CO-O-, -0-CO-, -CH 2 CH 2 -, -0-CH 2 -, -CH 2 -0-, -OC- or a single 
bond; 

each k, m and n are 0, 1 or 2, and (k,m + n) is 1 or 2; 
and 

E. Meta-substituted aromatic compounds of the formula <V), 

(M 1 ) k -{A 1 ),-(M 2 ) m .(A 2 ) n -(M 3 ) 0 -(A 3 ) p .(M^R 1 

wherein X 3 is F, CI, Br, CN, CF 3 or an alkyl group having from 1 to 12 carbon atoms, 
in which one or two CH 2 -group may be replaced by -0-, -CO-O- or -O-CO-, and in 
which one or more hydrogen atoms in the alkyl group may be substituted by F, CI or 
CN; 

R 1 is hydrogen or a straight-chain or branched-chain alkyl group having from 1 to 16 
carbon atoms (with or without an asymmetrical carbon atom), in which one or more 
hydrogen atoms may be substituted by F, CI, CN and/or CF 3 ; 

A 1 , A 2 and A 3 , independently of one another, are 1 ,4-phenylene in which one or two 
hydrogen atoms may be substituted by F, or pyrazine-2,5-diyl, pyridazine-3,6-diyl, 
pyridine-2,5-diyl or pyrimidine-2,5-diyl, trans-1 ,4-cyciohexylene in which one or two 
hydrogen atoms may be substituted by CN, or 1 ,3,4-thiadiazole-2,5-diyl, 1,3-dioxane- 
2,5-diyl, naphthalene-2,6-diyl, or 1 ,3-thiazo!e-2,4(5)-diyl; 

M 1 , M 2 , M 3 and M 4 , independently of one another, are -0-, -S-, -CO-, -CO-O-, 
-O-CO-, -O-CO-O-, -CH 2 -0-, -0-CH 2 -, -CH 2 -CH 2 -, -CH = CH- or -C^C-, with the proviso 
that two M groups must not be bonded directly to one another; 

k, I, m, n, o, p and q are 0 or 1 , with the proviso that the sum of l + n + p is more than 
O and less than 4. 
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2. The ferroelectric liquid crystal mixture as claimed in claim 1, comprising one or 
more compounds from group A and one or more compounds from groups B to E. 


3. The ferroelectric liquid crystal mixture as claimed in claim 1, comprising one or 
more compounds from group B and one or more compounds from groups A and C to 
E. 


4. The ferroelectric liquid crystal mixture as claimed in one or more of the 
preceding claims, comprising 2 to 35 compounds from groups A to E. 

5. The ferroelectric liquid crystal mixture as claimed in one or more of the 
preceding claims, comprising at least 5 % by weight of the compounds from groups A 
to E. 


6, The ferroelectric liquid crystal mixture as claimed in one or more of the 
proceding claims, comprising one or more, 4-cyano-cyclohexyls of the formula (VI); 

CN 

r2 (VI) 


R 1 -(A 1 ) | -(M 1 ) m -(A 2 ) n -(M 2 ) Q ^<^ ^ 


1 2 

R and R independently of one another, are hydrogen or a a straight-chain or 
branched-chain alky i group having from 2 to 1 6 carbon atoms (with or without an 
asymmetrical carbon atom), in which one or two non-adjacent -CH 2 - groups may be 
replaced by -0-, -CO-, -CO-0-, -0-CO-, -CH=CH-, -OC- or -Si(CH 3 ) r ; one or more 
hydrogen atoms of the alkyl group may be substituted by F, CI, CN and/or CF 3 ; or R 1 
is one of the following chiral groups: 


R 


A 


-Q- 


R 


R 


-R 

7 
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H H H H 

R-C-CO-O- R-C-CO-O- R-C-CKj-O- R-C-CH-O- 


Cl F CI 


H H H H 


R-C-CO-O- R-C-CHj-O- R-C-CO-O- R-C-CHj-O- 
CN CN CH3 CH3 


H H CR, 


R-C-CHj-CO-O— R-C-CHjCH^O— R— O-C-CO-O— 


CI CI H 


9 H 3 V 


R-O— CO— C — O- R-C-O-CO- 


H CN 

wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight-chain or 
branched-chain alkyl group having from 1 to 16 carbon atoms (with or without an 
asymmetrical carbon atom), where one or more -CH 2 - groups may also be substituted 
by -O- or -CH = CH-, with the proviso that oxygen atoms must not be bonded directly 
to one another; one or more hydrogen atoms of the alkyl group may be substituted by 
-F or -CI; or R 4 and R 5 may also together be -(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to 
an oxirane, dioxolane or tetrahydrofuran system; 
Q is -CH 2 -0- ( -CO-O- or a single bond; 

A 1 and A 2 are identical or different and are 1 ,4-phenylene, in which one or more 
two hydrogen atoms may be substituted by F, or pyrazine-2,5-diyl, pyridazine-3,6- 
diyl, pyridine-2,5-diyl or pyrimidine-2,5-diyl, trans- 1 ,4-cyclohexylene in which one or 
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two hydrogen atoms may be substituted by CN, or 1 ,3,4-thiazidazole-2,5-diyl, 1,3- 
dioxane-2,5-diyl, naphthalene- 1 ,6-diyl; 

M 1 and M 2 , independently of one another, are -CO-0-, -0-CO-, -0-CO-0-, -CH 2 -0-, - 
0-CH 2 -, -CH 2 -CH 2 -, -CH = CH- or -CHNC-; 

I, m, n and o are 0 or 1 , with the proviso that the sum o l + n is more than 0 and less 
than 4. 

7. The ferroelectric liquid crystal mixture as claimed in one or more of the 
preceding claims, comprising one or more phenyl pyrimidine compounds of the 
formula (VII), 


>1 



N- 


(VII) 


1 0 

R and R independently of one another, are 

(a) a hydrogen atom, 

(b) a straight-chain or branched-chain alkyl group, with or without an asymmetric 
carbon atom, having from 2 to 1 6 carbon atoms, in which one or two -CH 2 - 
groups may be replaced by -O-, -S-, -CO-, -CO-0-, -0-CO-, -CH = CH-, -OC-, 
-Si(CH 3 ) 2 -, 1 ,4-cyclohexylene, 1 ,4-phenylene, cyclopropane- 1 ,2-diyl or -O-CO- 
0-, with the proviso that -O- and/or -S-atoms must not be directly bonded to 
one another, one or more hydrogen atoms of the alkyl group may be 
substituted with F, CI, CN and/or CF 3 ; and a terminal methyl group may be 
substituted with a cyclopropyi group or a cyclohexyl group; or 

(c) any one of the following chiral groups: 


R 


-Q- 

, 3 


cr 


Q- 


R 



o 
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wherein R 3 , R 4 , R 5 , R 6 and R 7 , independently of one another, are a straight-chain or 
branched-chain alkyl group having from 1 to 16 carbon atoms (with or without an 
asymmetrical carbon atom), where one or more -CH 2 - groups may also be replaced by 
-O- or -CH = CH-, with the proviso that oxygen atoms must not be bonded directly to 
one another; one or more hydrogen atoms of the alkyl group may be substituted by -F 
or -CI; or R 4 and R 5 may also together be -(CH 2 ) 4 - or -(CH 2 ) 5 - if they are bonded to an 
oxirane, dioxolane, tetrahydrofuran, system; 
Q is -CH 2 -0-, -CO-O- or a single bond; 

rings A and B, independently of one another, are a phenyl group or a cyclohexyl 
group; 

o and p are O, 1 or 2, with the proviso that o + p < 2; if o or p are 2 the groups A or B 
can be different. 


8. Use of a ferroelectric liquid crystal mixture as claimed in one or more of claims 
1 to 7 in a ferroelectric liquid crystal display. 

9. A ferroelectric liquid crystal display, comprising a ferroelectric liquid crystal 
mixture as claimed in one or more of claims 1 to 7. 

10. A ferroelectric liquid crystal display as claimed in claim 9, which operates in the 
inverse mode. 
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